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PART I 
REPORTS 


REPORTS OF OFFICERS 


THE CANCELLATION OF THE SEVENTY-SECOND ANNUAL 
MEETING OF THE AMERICAN FISHERIES SOCIETY 


JOHN VAN OosTEN, President 


It was with deep regret that we found it necessary to cancel the 
seventy-second annual meeting of the American Fisheries Society 
scheduled to be held at New Orleans, Louisiana, September 16-17, 1942. 
In order that this unprecedented postponement of an annual meeting 
of our Society may be understood clearly, especially in the future, it is 
believed desirable to review briefly for the record the background of 
events that formed the basis of action. 

On April 8, 1942 the Executive Committees of the International 
Association of Game Fish and Conservation Commissioners and the 
American Fisheries Society decided at their joint session in Toronto, 
Ontario, that because of war conditions the meetings of the two organi- 
zations should be restricted to a total of four days. A very timely and 
important program was planned for the Society’s convention. A sym- 
posium was scheduled on ‘‘Fishery Management in the War,’’ which 
would have emphasized the special fishery problems arising because of 
the war. 

On June 25, 1942 a circular letter was sent to each member announc- 
ing, among other items, the time and place of the seventy-second an- 
nual meeting of the Society, and requesting on an enclosed postal card 
notification of intention to attend the conference. A similar canvass 
of the membership was made by the International Association of 
Game, Fish and Conservation Commissioners. 

In view of the trend of the replies which indicated that only a few _ 
members would attend the meeting, the President wrote each member 
of the Executive Committee of the Society under date of July 16, 1942 
as to the action that should be taken and the procedure that should be 
followed if cancellation were deemed advisable. Advice was also 
sought on the publication of the Transactions, if the conference were 
deferred. 

The returns of the canvass showed that out of 213 members who re- 
plied, 15 would attend, 41 hoped to attend, and 157 would not attend. 
In view of these results and the existing conditions due to war the 
Executive Committee decided to cancel the scheduled convention at 
New Orleans and to resume the annual meetings when the situation 
warranted. Further reasons for cancellation were: (1) The deferment 
cf the convention of the International Association of Game, Fish and 
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Conservation Commissioners; (2) the general request of the Director 
of the Office of Defense Transportation of the Executive Office of the 
President that all conferences not absolutely essential for purposes of 
war be postponed ; (3) the rationing of rubber tires and gasoline; and 
(4) the threatened rationing of public transportation. 

The Executive Committee also decided to continue the publication 
of the Transactions as usual in order to make available for distribution 
the papers that had been planned for submission at the New Orleans 
meeting, particularly those that are of special interest under the 
present exigencies of war. 

The officers of the Society and chairmen of committees have been re- 
quested to submit their reports so that information on developments in 
the various fields of the fisheries may be brought up-to-date. 

I feel confident that in the light of the above review the members of 
the Society will coneur in the actions taken by its Executive Commit- 
tee and officers. 

At this time I would like to recommend that at the next meeting of 
the Society the constitution be amended to cover any future emergen- 
cies that would require the cancellation of a regularly scheduled con- 
vention. It is believed that Articles IV, VI, and VIII should be 
amended. Recommendations will be made at the proper time. 

Finally I wish to express to the Department of Conservation of the 
State of Louisiana, on behalf of the Society, its regret of the turn of 
events which made impossible the holding of the convention scheduled 
at New Orleans and to assure our disappointed host that the Society is 
nevertheless deeply grateful for the kind invitation extended. The 
cancellation was to us a real sacrifice made necessary by the war. It is 
hoped that conditions will soon make possible a resumption of our 
annual meetings. In the meantime may I urge the members to keep 
an active interest in the Society. Pay your dues! Continue your ef- 


forts to obtain new members! Keep your Society alive! Keep it 
growing! 


REPORT OF THE SECRETARY-TREASURER 
For the Year 1941-1942 


R. P. HuNTER 


I regret that the report of the Secretary-Treasurer for the fiscal 
year ending June 30, 1942 does not look too encouraging from the 
standpoint of membership statistics. At the close of the fiseal year we 
dropped 17 active members, 10 libraries, 4 clubs and dealers, and 5 
states. During the year, 7 members tendered their resignation, a few 
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for the duration of the war only. Through death we lost 7 members. 
Our total losses were 110. The states which have been dropped from 
the rolls are California, Mississippi, New York, Pennsylvania, and 
South Dakota. For some unaccountable reason, we are not holding 
our new active members for any length of time. Of the active members 
dropped for the nonpayment of dues, 27, or 35 per cent, paid dues for 
only 1 year, while 11, or 14 per cent, carried on for 2 years. 

The number of new members added during the year is just one-half 
of the number in all classes dropped. The new-member tally includes 
48 active members, 1 club, and 6 old members reinstated, making a 
total of 55. 

Let me urge upon you the importance of interesting your associates 
in the work of the Society. Naturally, we are going to lose many of our 
members for the duration of the war and if the Society is to carry on 
on a sound financial basis and pay its way, we must enlarge our mem- 
bership. Let each one put his shoulder to the wheel to see if the 1942- 
1943 year can’t be made one of the best in spite of the present world- 
wide crisis. 

Now for the financial report. While our bank balance as of June 30, 
shows a somewhat larger figure than last year, yet if the bill for the 
printing of Volume 71 of the Transactions had been presented, it 
would have been necessary to borrow from the permanent fund to meet 
the indebtedness or withhold full payment until the Treasury was in a 
better financial condition. If the billing for dues for the coming year 
had been mailed earlier in the month of June, the bank balance would 
have reflected an even larger amount. The Society has no indebted- 
ness other than the printing bill which had not been presented at the 
close of the fiscal year since the volume was not off the press. 

The bank balance in the general fund as of June 30, 1942, was 
$1,037.54, in the permanent fund, $1,495.47. 

At the annual meeting in Toronto (1940), the sum of $250.00 was 
appropriated from the general fund for the photostating of missing 
volumes of the Transactions needed to complete two sets for the perma- 
nent library and for the binding of all these volumes. Since this work 
was not completed during the fiscal year 1940-1941, and since it was 
felt that the amount appropriated would not cover the complete cost, 
an additional $250.00 was appropriated from the permanent fund at 
the St. Louis meeting (1941). This work has been completed at a cost 
of $437.00, a saving of $187.00. These bills were paid in full from the 
general fund. It will be necessary, therefore, to transfer from the 
permanent fund to the general fund the sum of $187.00. 

Dr. H. J. Deason is to be commended on his untiring efforts in col- 


lecting and binding this permanent library and in effecting a saving 
to the Society. 
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TREASURER’S REPORT 
July 1, 1941—June 30, 1942 


GENERAL FUND 


RECEIPTS 


Balance on hand July 1, 1941 $ 435.36 
Annual dues 
Individuals: 
24.00 


1942-1943 


Libraries: 


Clubs and Dealers: 
5.00 
1941-1942 


State Membership: 
20.00 


600.00 
Sale of Transactions 347.89 


5.00 
568.97 


DISBURSEMENTS 


Transactions: 
1940, Vol. 70 
Reprints __ 


1941, Vol. 71 
Proofreading and editorial expense_—___..__.-....-...----------. 125.00 320.80 


Clerical and secretarial expense: 


84.55 
Rental safe deposit box cae 6.00 
2.40 
Premium on bond... 18.75 


Photostating Transactions 


360.00 
Binding Transactions 77.00 


Office Supplies 6.66 


\ 
16 
| 
90.00 
Sale of reprints 1940 Transactions__. 


American Fisheries Society 


Total receipts General Fund _. 
Total disbursements General Fund. 


Balance on hand, July 1, 1942... 


Balance in Petty Cash Fund 


Balance on hand, July 1, 1942 


PERMANENT FUND 


RECEIPTS 


Balance on hand, July 1, 1941_. 
Interest on Savings Account _ 


-.--$3,128.84 
2,091.30 


--$1,037.54 


5.00 


$1,042.54 


Interest and principal Montgage Certificates 


Dividends on Commonwealth Southern pfd._ 


DISBURSEMENTS 
None 
Balance on hand, July 1, 1942 


Par value of certificates other than Government Bonds...» 


Par value of 10 shares Commonwealth Southern pfd.___. 
Par value of Government Bonds 
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$1,037.54 


$1,141.55 
21.94 
301.98 
30.00 


$1,495.47 


$1,495.47 
5,000.00 
1,000.00 
1,650.00 


$9,145.47 


1The cash value of the 10 shares of Commonwealth and Southern Preferred, par value 


$100.00, as of July 1, 1942, was $251.25. 


LIST OF AMERICAN FISHERIES SOCIETY SECURITIES 


A list of securities owned by the American Fisheries Society as of July 1, 
1940, was published in the Transactions, Vol. 70, pp. 24-25. No changes in the 
holdings of the Society had occurred by June 30, 1942, and therefore the com- 
plete list is not published in this report of the Treasurer for the year 1941-1942. 


36 

LO 
39 
34 

30 
0 
Al 
10 
LO 
10 
10 
0 


American Fisheries Society 


Iu Memoriam 


A. F. Byers, Montreal, Canada 


Robert W. Goelet, New York, N. Y. 


Harry Johnson, Verdi, Nev. 
Glen C. Leach, Washington, D. C. 
J. M. Merritt, Gretna, Neb. 
C. D. Ryan, Concrete, Wash. 


George Shiras, 3d, Marquette, Mich. 
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GLEN C. LEACH—1872-1942 


M. C. JAMES 


U. S. Department of the Interior, Fish and Wildlife Service, 
Chicago, Illinois 


The American Fisheries Society is the forum in which all factors 
and developments influencing fishery conservation can be reviewed, 
considered, and discussed. Some factors and influences, and the dis- 
cussions which result from them, usually center around research, tech- 
niques, and abstract conceptions. In the summing up, it will probably 
be conceded that individual men, their personalities and abilities, and 
the things that they have done have most profoundly influenced the 
trends of fish culture and fishery conservation. When an individual 
has devoted himself to fish-cultural activities for 40 years—more than 
half the span of the modern era of fish culture—and when he has occu- 
pied a dominant position in this field for a quarter of a century, his 
eareer, his accomplishments, and his personality surely merit more 
than a perfunctory comment in the annals of this Society. 

In assigning to Glen C. Leach a dominant status in the field of fish 
culture, I believe I am doing no injustice to the many other indi- 
viduals who have built up records of outstanding accomplishment. 
Nevertheless the Federal Division of Fish Culture, regardless of the 
departmental banner which might wave over it, has had and has the 
most extensive, widespread scope of activities of any agency of its 
kind in the world. It is inevitable that the man whose foot was on 
the accelerator of this organization (Glen had no use for the throttle) 
would wield a powerful influence in all phases of practical fish propa- 
gation. Glen C. Leach undoubtedly has designed and supervised the 
building of more fish hatcheries than any other one man. He has super- 
vised the work of more fish-culturists than any other single individual. 
Administratively he had to concern himself with such out-of-the- 
ordinary and little-known enterprises as hatching the spiny lobster 
and stone crab in Florida as well as the more routine functions of 
producing billions of young marine food fishes, hundreds of millions of 
Pacific salmon and myriads of game fish. The number of young fish 
which started toward their ultimate destiny, uncertain as it might be, 
under his direction during his tenure of office staggers the imagina- 
tion. But I really do not believe that it is necessary to build up a 
ease to show that Glen C. Leach was a figure of consequence in his 
chosen field. 

Convention compels the erection of a structure of biographical facts, 
although I would much prefer to dwell on the more personal aspects 
of an association of 15 years duration. Born at Ackley, Iowa, Septem- 
ber 18, 1872, he secured his common-school and high-school education 
at Oswego, Kansas, and followed this with 2 years at Washburn 
College at Topeka, Kansas. Later he was enrolled at a business col- 
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lege and an engineering school at St. Louis. I have never learned the 
exact nature of his activities between his school years and his first 
entrance into the Federal Government service in 1901, but an occa- 
sional typical Leach anecdote indicated that the period was far from 
humdrum. His initial role in public service in the St. Louis postoffice 
was of short duration, terminating with his appointment as fish-car 
laborer for the old U. 8S. Fish Commission in December 1902. His 
eareer for the succeeding 12 years, a progressive advancement through 
the various field positions of the Division of Fish Culture, was not 
unlike that of many other employees except that his advancement was 
relatively rapid. During part of the period he was rated as machinist 
at the Put-in-Bay, Ohio, station (now closed), and his interest in 
things mechanical was ever evident. Plenty of field duty, including a 
tour of service at the Yes Bay, Alaska, salmon hatchery, came his 
way. Although such is not revealed by the bare facts of his service 
record, it appears that he was rated unofficially as a trouble-shooter, 
and, as is often the case with a man who does not shrink from the 
‘‘headache’ assignments, he went ahead rapidly. His initial appoint- 
ment as station superintendent at Manchester, Iowa, in 1914 lasted 
only 2 years when he was given Washington duty as field superinten- 
dent. In 1918, while Dr. Hugh M. Smith was Commissioner of Fish- 
eries, Leach succeeded Henry O’Malley in full charge of the Division 
of Fish Culture. 

During several war and post-war years the going was a bit rough, 
but this was soon followed by an upswing which reached its peak 
in the years following the enactment of the White Act in 1930. This 
legislation authorized the establishment of numerous new hatcheries 
throughout the country over a period of 5 years, and although some 
of the projects are yet to be started, it gave Glen Leach 10 years of 
the kind of activity he loved. The box-score tells the story. When he 
took over the Federal hatchery system, it numbered 75 units. When 
failure of his powerful physique forced him to relinquish the helm, 
there were 133 units. Production had increased from about 5 billion 
to over 8 billion fish and eggs during his stewardship. New and im- 
proved methods, and new and improved equipment and facilities, some 
of which he designed, were in general use when he left the picture. 

Leach served during a period when it was widely accepted that 
more and bigger hatcheries were the basic need in fishery husbandry. 
Regardless of whether we now accept that thesis in its entirety, Glen 
met that demand in a thoroughly workmanlike and efficient way. The 
fish-cultural establishments which he built in a dozen different states 
are concrete testimony to his all around ability and to his special in- 
terest in construction. 

In serving as advisor, often unofficially, to a number of State fish 
and game departments, his influence extended beyond the Federal 
organization. ‘ 

The ‘‘Manual of Fish Culture,’’ that bulky testament of an earlier 
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generation of hatcherymen, appeared in its final revision in 1900. 
Midway in Leach’s career the ‘‘Manual’’ practically disappeared from 
circulation, having acquired the inevitable fungus of obsolescence in 
the two decades. Glen C. Leach met the obligation of providing a 
substitute as a glance at the following partial list of Government 
publications bearing his name will reveal: | 

‘* Artificial propagation of sturgeon,’’ Report U. S. Commissioner 
of Fisheries, 1919 (1920), 5 pp. (B. F. Doc. 880.) 

‘* Artificial propagation of whitefish, grayling, and lake trout,’’ Re- 
port, U. S. Commissioner of Fisheries, 1923, 32 pp., 42 figs. (B. F. 
Doce. 949.) 

‘* Artificial propagation of brook trout and rainbow trout, with 
notes on three other species,’’ Report, U. S. Commissioner of Fish- 
eries, 1923 (1924), 74 pp., 22 figs. (B. F. Doc. 955.) 

‘* Artificial propagation of shad,’’ Report, U. S. Commissioner of 
Fisheries, 1924 (1925), 28 pp., 8 figs. (B. F. Doc. 981.) 

‘* Artificial propagation of pike perch, yellow perch, and pikes,’’ 
Report, U. S. Commissioner of Fisheries, 1927, 27 pp. (B. F. Doc. 
1018.) 

‘*Culture of rainbow trout and brook trout in ponds,’’ U. S. Bureau 
of Fisheries, Economie Circular No. 41, 1919, 19 pp. 

‘Cooperative fish culture,’’ U. S. Bureau of Fisheries, Economic 
Cireular No. 59, 1926, 8 pp. 

From their very nature these issues were compilations, but they con- 
tained much that is source material since their author had actually 
carried on the techniques he described, and had devised and improved 
the equipment he prescribed. 

The index of the ‘‘Transactions’’ of this Society shows an impres- 
sive list of contributions from his pen, and he served as its president 
in 1922-1923. He was a long time member of the Izaak Walton League, 
and a member of the Masonic Order. Sportsmen’s organizations in all 
parts of the country knew him and benefited from his shrewd advice. 
He was just as anxious to be helpful in restoring some child’s pet 
goldfish to buxom health as he was in straightening out more complex 
and perplexing problems. 

My personal affection for him inevitably leads me into reference to 
his personality and character even though I am writing for a group 
which knew him well. Many of you will remember his wholehearted 
participation in arguments and debates on the numerous moot ques- 

tions of our profession, and will recall his shrewd, sometimes biting, 
comments. Not so many may have noted the twinkle in his eye while 
the debate raged, or that slow, broad grin which mantled his face 
at the conclusion whether he was winner or loser. No one can think 
of him without thinking of his sense of humor, but one had to be close 
to him to see that sense of humor in its finest flowering. Of course it 
could have been coincidence that during his absence on official trips, 
we at the office would receive crank letters of the most outrageous na- 


24 American Fisheries Society 


ture signed with some ridiculous name and seething with indignation 
at our official follies. The fact that these letters were postmarked in 
some small town where Glen was condemned to spend a dull evening 
subjected the theory of coincidence to terrific strain. Nevertheless 
the customer is always right, and we never dared to follow our con- 
victions and reply in kind. While he got a lot of fun out of the 
various minor predicaments in which unwary humans inevitably en- 
tangle themselves, he was unremitting in his efforts to help in the 
untangling process. This sense of humor sparkled unclouded even 
to the moment when he lapsed into final coma. 

One other trait was dominant in his personality. This was loyalty. 
He was loyal to those who were in authority over him, and if their 
policies and beliefs were in conflict with his own, his execution of un- 
welcome tasks was no less conscientious and vigorous. He was loyal 
to his own views and beliefs and fought for them tenaciously. He be- 
lieved in conservation, and his championship of its broad principles 
was uncompromising although he accepted compromise on questions 
of ways and means. He devoted himself to his job, and his unwilling- 
ness to slow down official activities in the face of impaired health un- 
doubtedly contributed a considerable measure to his final illness. Above 
all he was loyal to those in whom he placed his confidence and trust— 
his friends. His solicitude for those who worked under him took prece- 
dence over his personal interests and welfare. He was a staunch de- 
fender of the Division of Fish Culture and those who worked in it. 
Those who worked under him doubly appreciated the calm, placid 
temperament which rarely erupted into anything resembling strong 
feeling. When the boiling point occasionally was reached, it subsided 
quickly and there was no aftermath of resentment or ill feelings. 

Glen Leach’s contributions to fish culture were real and significant, 
but in my personal scheme of things his shrewd leadership, kind ad- 
vice and counsel, and tolerant, sound judgment were of greater con- 
sequence. The guild of fish-culturists has lost one of its ablest prac- 
titioners, but of infinitely greater concern to me and to hundreds of 


those in the Society is the loss of one who was a friend in the fullest 
meaning of the word. 


THE ANAESTHESIA OF FISH BY HIGH CARBON- 
DIOXIDE CONCENTRATIONS 


Freperic F. FisH 


U. S. Department of the Interior, Fish and Wildlife Service 
Seattle, Washington 


ABSTRACT 


A practical and economical method for anaesthetizing adult salmon and 
steelhead trout in the fish trucks used in the Grand Coulee fish salvage 
program is described. The method consists in generating a predetermined 
earbon-dioxide concentration in the 1000-gallon tanks of the trucks through 
the successive addition of predissolved sodium bicarbonate and dilute sul- 
phurie acid in proper quantities. Carbon-dioxide anaesthesia effectively 
solved the acute problem of species segregation in the fish salvage pro- 
gram and, with minor modifications, could be used with equal success in 
certain hatchery operations necessitating the handling of large fish. 


The problem involved in handling very large fish often becomes 
serious in certain types of hatchery operations. The streamline form 
and slippery mucous coating of a fish offer a precarious handhold at 
best, yet a minimum of pressure must be exerted against the struggling 
animal to avoid risk of inflicting injury. The use of anaesthesia has 
been proposed to facilitate those operations that do involve the han- 
dling of large fish but the cost of the usual anaesthetics enforces a 
limiting factor over the quantities which can be used. This situation 
greatly nullifies the value of anaesthesia for if a hatcheryman must 
pick up a fish and immerse its head in a limited quantity of an anes- 
thetizing solution, he might as well proceed with his work on that 
fish without benefit of anaesthesia. 

A particularly acute need for a practical and economical method 
for immobilizing fish arose in the operations of the Grand Coulee Fish 
Salvage Program. In this work, adult migratory fish are trapped in 
the fishways of the Rock Island Dam below Wenatchee, Washington, 
and transported in large tank trucks a distance of 40 miles to retaining 
ponds in which they are held until the onset of sexual maturity. Con- 
current runs of fish arriving at the Rock Island Dam do not neces- 
sarily attain sexual maturity at the same time. The so-called ‘‘fall’’ 
steelhead trout and chinook salmon are trapped simultaneously during 
the summer. The chinook salmon will mature during the autumn 
months but the steelhead trout will not be ready for spawning until 
the following May or June. If these two species are placed in the 
same retaining pond, many of the ‘‘green’’ steelhead trout will become 
involved in the artificial propagation of the chinook salmon. This 
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practice invariably has led to considerable damage being inflicted 
upon, and with subsequent loss of, a large number of the steelhead 
trout. 

Manifestly, it would be difficult to remove a dozen 6-pound steelhead 
trout without injury from a truck containing perhaps twenty 30- 
pound chinook salmon and an incidental hundred miscellaneous scrap- 
fish—all being confined in a 1,000-gallon tank of water. Therefore, 
some means of immobilizing and sorting each mixed load of fish became 
imperative. 

The quantity of water involved rendered impractical usage of any 
of the anaesthetics commonly employed in experimentation on fish. 
Even if the tank were half-drained, a minimum of 40 pounds of 
ether would be required for each load. Cresol approached practicabil- 
ity from the standpoint of cost but it proved entirely too variable in 
its effect and subsequent toxicity to be trusted. The stunning of the 
fish by electrical shock was considered but competent authorities, ex- 
perienced in the results obtained from electric fish screens, definitely 
warned against the injurious effects which could be expected from 
the use of electricity on large fish. 

The lead to a successful and economically practical method came 
from experiments conducted by Mr. Mitchell G. Hanavan, aquatic 
biologist of the Fish and Wildlife Service, who was studying the 
effects resulting from the sharp and sudden decrease in carbon dioxide 
concentration experienced by fish dumped from the Grand Coulee fish 
trucks, in which the carbon dioxide had accumulated during the 40- 
mile trip, into holding ponds at equilibrium with the atmosphere. Mr. 
Hanavan found one load of adult fish completely anaesthetized follow- 
ing the experimental production of an abnormally high carbon dioxide 
concentration by the direct application of the gas through the air in- 
let of the water recirculating system. 

Further exploration of this lead demonstrated that carbon dioxide 
concentrations in excess of 200 p.p.m. were effective anaesthetics for 
both fingerling and adult salmon. Introducing the gas via the air 
inlet of the truck proved unsatisfactory because anaesthetizing con- 
centrations could not be developed in less than one-half hour during 
which time the fish thrashed about wildly in the tank. Increasing the 
rate at which the gas was administered resulted only in a greater 
escape. Even when applied at a very slow rate through an efficient 
Venturi, less than one-half of the gas dissolved in the water. The 
minimum cost of administering an anaesthetizing concentration by 
the direct application of carbon dioxide gas was about $1.00 per load. 

Because of the difficulties encountered in dissolving the carbon 
dioxide gas directly in the water, an alternative of generating the 
required amount in the tank by the successive addition of predissolved 
sodium bicarbonate and dilute sulphuric acid was attempted. Not only 
was the escape of the gas from the water virtually negligible, but the 
concentration attained could be predicted accurately from the ratios 


be 
t 
p 
0 
$ 
te 
e 
h 


The Anaesthesia of Fish 27 


between the molecular weights of the compounds involved. By using 
the technical grade of reagents—making due allowances for the im- 
purities present when calculating the quantities required—the cost 
of effectively anaesthetizing the fish was reduced to approximately 
$0.40 per load. This method was developed specifically for application 
to the Grand Coulee fish-trucks although it could be applied with 
equal success to meet comparable problems encountered in other 
hatchery operations. 

Carbon dioxide concentrations ranging between 150 p.p.m. and 
650 p.p.m., as determined by titration with N/44 sodium hydroxide, 
were tried on an experimental basis. It was found that the higher 
the concentration used, the quicker was the effect and the shorter 
was the period of exposure which the fish would tolerate. Water tem- 
peratures between 45° F. and 60° F. exerted relatively little effect 
although, in general, the higher the temperature, the more rapid was 
the effect obtained. Adult steelhead trout and chinook salmon could 
remain in a concentration of 400 p.p.m. for as long as 20 minutes after 
insensibility was attained with no apparent permanent ill effect. After 
about 5 minutes in a concentration of 400 p.p.m., however, there was 
definite evidence of a physiological derangement as the fish appeared 
temporarily distressed upon return to water bearing a normal com- 
plement of carbon dioxide. To avoid this presumably undesirable 
consequence and yet prolong the period of anaesthesia, the high carbon 
dioxide concentration in the tank could be eliminated at will by neu- 
tralization with predissolved sodium carbonate. The fish would then 
remain in an anaesthetized state for an additional 5 to 10 minutes 
and upon revival exhibit no evidence of distress. 

The optimum carbon dioxide concentration for anaesthetizing all 
species of salmon and steelhead trout was found to be 200 p.p.m. As 
this concentration is developed in the tank by the soda-acid technique, 
the fish swim restlessly about at the surface but exhibit no evidence 
of marked distress nor even a significant increase in their rate of 
respiration. They gradually lose consciousness, turn over, and sink 
to the bottom within a period of 90 seconds after the full strength is 
attained. They lie motionless on the bottom, their respiration rate 
being maintained without change although the depth of each re- 
spiratory movement gradually lessens and finally ceases. After all 
evidence of respiration has disappeared, the fish will not revive when 
placed in fresh water. The depth of respiration, therefore, becomes a 
valuable index of the approaching lethal endpoint. 

The Grand Coulee fish trucks, for which the described anaesthetizing 
technique was developed, are essentially 15-ton trucks each bearing a 
water tank of 1,000-gallon capacity. On the top of each tank is a large 
rectangular hatch, the cover of which can be rolled back for loading. 
The tank is equipped with a recirculating water system discharging 
125 gallons per minute and aerating the water by passage through a 
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Venturi. The recirculating pump also may be used to add water 
to the tank from outside sources for tempering purposes. 

In the routine anaesthesia of mixed loads, as practiced in the 
Grand Coulee fish salvage operations, the tank is drained to approxi- 
mately 600 gallons upon arrival of the truck at the point of sorting. 
The reduction in the volume of water present not only lessens the 
quantities of reagents required for the anaesthesia but likewise enables 
the sorter to work directly in the tank. After drainage is completed, 
the hatch is opened and the proper quantity of sodium bicarbonate, 
predissolved in a pail, is added directly to the tank. A marked rise 
in the bicarbonate (methyl orange) alkalinity and the pH accompanies 
the addition of the bicarbonate. About 5 minutes is then allowed for 
the recirculating system to disperse the bicarbonate homogeneously. 
During this period, the necessary quantity of sulphuric acid is diluted 
approximately 1:500 in a barrel placed alongside the truck. The air 
inlet to the Venturi is then closed to avoid a subsequent sweeping out 
of the carbon dioxide from the water and to increase visibility for the 
sorter. Immediately thereafter, the dilute acid is drawn into the 
tank from the barrel through a 2-inch flexible hose connected to the 
outside pump line. The acid is added only as rapidly as it is neu- 
tralized by the bicarbonate—a matter of 2 to 3 minutes. If the acid 
enters at a faster rate, localized areas of hyperacidity develop in the 
* tank which usually promote a general stampede by the fish. Addi- 

tion of the acid sharply reduces the bicarbonate alkalinity and the 
should not exceed 5 minutes, the high carbon-dioxide concentration is 
When the fish are anaesthetized, the sorter enters the tank and re- 
moves the desired species. After a minimum period of exposure, which 
should not exceed 5 minutes, the high carbon-dioxide concentration is 
neutralized by the proper quantity of sodium carbonate predissolved 
in the barrel and added in the same manner as the acid. The carbon- 
ate quickly restores the original carbon dioxide concentration although 
a higher pH remains because of the bicarbonates present as an end 
product of the reaction between the carbon dioxide and sodium ear- 
bonate. After sorting is completed, the hatch is covered and the 
remaining fish hauled to a second pond and dumped. If this haul is 
to be an extended one, the water in the tank is replaced with fresh 
water as a precautionary measure. 

This method of administering anaesthesia is not as complex as the 
description might imply. Reasonable accuracy is required in deter- 
mining all values although a considerable variation in the carbon 
dioxide concentration is permissable and no ill effects result. 

With minor modifications, carbon-dioxide anaesthesia can be ap- 
plied to other hatchery operations. It has been used, for example, 
to facilitate spawning operations with steelhead trout merely by 
maintaining a satisfactory high carbon-dioxide concentration in a bar- 
rel of water into which an attendant dip-nets the fish and from which 
the spawn-taker removes the insensible fish as needed. In this appli- 


The Anaesthesia of Fish 29 


cation, no carbonate is required for the fish are removed well within 
the 5-minute tolerance period after insensibility has been reached. 
Carbon dioxide anaesthesia has been tested under actual field condi- 
tions during the past 2 years and has proven eminently satisfactory 
when properly applied. It must be recognized that certain hazards 
are connected with the storage and handling of sulphuric acid. Use 
of this method is not advised except under the direct supervision of 
an individual sufficiently well grounded in chemistry to handle con- 
centrated acid capably, to calculate the quantities of reagents re- 
quired, and to make frequent carbon-dioxide determinations as a 
check upon the accuracy of the results obtained. Under such super- 
vision, carbon-dioxide anaesthesia may fill a very definite need in cer- 


tain types of hatchery operations involving the handling of large 
fish. 
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VITAMIN B, DEFICIENCY IN HATCHERY REARED 
RAINBOW TROUT 


LoweLL A. WoopBuRY 


“Biologist, Wisconsin Conservation Department 
Madison, Wisconsin 


ABSTRACT 


A nutritional disease of trout, caused by a diet deficient in Vitamin 
B, (thiamin), is described. The symptoms are attributable, either primarily 
or secondarily, to malfunctioning of the nervous system and are: Loss of 
equilibrium accompanied. by whirling, melanotic appearance, inability to 
feed in the latter stages of the disease, progressive weakness, and a final 
paralysis. It was produced in the laboratory by feeding a diet known to 


be lacking in thiamin. The disease was cured by injections of thiamine 
hydrochloride. 


In 1939, during a routine investigation of a disease occurring in a 
State-operated trout hatchery a peculiar ailment was observed in 
rainbow trout fingerlings. Since that time this same malady has oc- 
curred in other hatcheries of the state at different times of the year 
and in various sizes of fish but up to late 1942, had been observed 
only in rainbow trout. 

The disease was identified as a nutritional disorder caused by a 
deficiency of Vitamin B, in the diet and experimental evidence has 
confirmed this diagnosis. 

Schneberger (1941) gave a brief resume of the cause and treatment 
of this disease in Wisconsin and the following paper gives in detail 
the data upon which this summary was based. 

Wolf (1942) described a Vitamin B, deficiency in trout in the New 
York hatcheries caused by feeding raw fish in the diets of trout and 
gives an adequate review of the literature on this subject. The raw 
fish tissue as shown by experimental evidence, has the power of de- 
stroying Vitamin B, in other elements of the dietary mixtures thus 
rendering deficient a diet that might otherwise contain an adequate 
amount of this vitamin. Wolf found in one experiment that brown 
trout were more susceptible to the disease than brook trout or rain- 


bow trout but that one strain of rainbow trout was more susceptible 
than another. 


SYMPTOMS AND PATHOLOGY OF VITAMIN B, DEFICIENCY 


In the epidemic studied in most detail the affected fish were a 
group of approximately 10 thousand rainbow trout varying in length 
from 45 to 90 millimeters. They had been fed, during the early part 
of the summer, on a diet of canned carp supplemented with liver and 
melts in an approximate ratio of 90 per cent canned carp, 4 per cent 
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fresh pork melts and 6 per cent fresh pork liver. Five days before 
the first-noted symptoms of the disease the fish were placed on a 
straight canned-carp diet with no fresh meat or other supplement. A 
later analysis of the canned carp for Vitamin B,; showed it to be de- 
void of this substance.? 

In other observed epidemics the appearance of the disease was 
always preceded by a diet composed mainly of canned carp with 
some fresh meat supplement, but usually not enough to supply the 
requisite amount of Vitamin By. 

The disorder followed a well-defined course with very definite symp- 
toms attributable either primarily or secondarily to malfunctioning 
of the nervous system. The symptoms are given below in general order 
of their appearance. 

The fish were not able to maintain their normal upright position 
but showed a tendency to swim at an angle to the vertical plane. As 
the affected fish became sicker the angle increased until the fish would, 
when swimming, lie practically on their sides. A sudden blow on the 
side of the tank would stimulate them to great activity and for a 
second or two they would swim normally and would then relapse to 
the ‘‘side swimming’’ position. Concommittant with the side swim- 
ming was a giddiness and whirling which became more pronounced as 
the loss of equilibrium increased. This action appeared intermittently 
with the fish acting normally between spasms. 

Coincidentally with the increase in whirling the fish became weaker. 
After a spasm of gyration the trout would fall to the bottom and re- 
main motionless for some time. The weakness could be attributed par- 
tially to starvation. 

During the early stages of the disease the affected fish did not eat 
normally and in the later stages did not eat at all. The cessation of 
feeding appeared to constitute an inability to take food rather than 
a lack of desire to eat. Many times fish would, even in the latter 
stages of the disease, pick up a mouthful of food and then reject it, 
much as if they were hungry but were unable to swallow because of 
paralyzed throat muscles, 

One of the most universal symptoms was a pronounced darkening 
of the fish due to the expansion of the melanophores. The affected fish 
could be readily identified by their dark color alone without reference 
to other symptoms. 

In a small, but significant percentage of the fish, the air bladder 
became so distended by gas that the fish would float at the surface 
of the water totally unable to control their buoyancy. 

As the fish grew weaker they would lie on the bottom for longer 
and longer periods of time until finally they appeared to become com- 
pletely paralyzed and would lie dormant moving only with the cur- 
rents of the water. This constant moving back and forth on the bottom 


1This analysis was made by Mr. La Vell Henderson of the University of Wisconsin Bio- 
chemistry Department. 


32 American Fisheries Society 


of the tank first wore away the scales at the point of contact, then the 
skin and finally the flesh, producing as an end result a large open 
wound. No primary infection was found in this wound and it showed 
no evidences of healing. It had much the appearance as if a circular 
piece of flesh and skin had been removed with a sharp scalpel. 

A detailed pathological examination of the dead and dying fish 
revealed no organisms capable of causing the symptoms and pathology 
above described. A few fish were mildly affected by fin rot, and Octo- 
mitus was found in two or three fish but neither of these diseases was 
present in any significant number of the fish. 

No gross pathology was observed. The various organs of the body 
were apparently normal with the exception of the air bladder which 
in a few instances was markedly distended with air. 

From the symptoms, pathology, and diet of the affected fish it was 
concluded that they were suffering from some neural disease brought 
on by a dietary deficiency. Since Vitamin B, deficiency causes a neu- 
ritis in certain vertebrates it was decided by analogy that this vitamin 
might be the deficient factor. Accordingly a tentative diagnosis of a 
neural disease due to Vitamin B, deficiency was made. 


EXPERIMENTAL TREATMENTS 


To check the diagnosis of a Vitamin B, deficiency a number of fish 
in the poorest condition were placed in aquaria and injected with syn- 
thetic Vitamin B,, thiamin hydrochloride. Table 1 presents the results. 


Table 1.—Results of the intramuscular injection of sick rainbow trout with various 
amounts of synthetic Vitamin B; or thiamin hydrochloride 


Milligrams Pe Condition of fish 22 hours after treatment 
injected injected Recove:ed |Partialrecovery| Unaffected . | Dead 
0.05 11 9 1 1 0 
0.10 11 5 3 0 3 
0.15 11 7 2 0 2 
0 20 8 6 0 1 1 
Control 14 0 4 9 1 


As may be seen from the table there was a very definite improve- 
ment in the fish injected with the thiamin hydrochloride. The losses 
in the treated groups may be in part attributed to the fact that the fish 
treated were very sick and the handling and injection may have been 
enough to cause death. 

Concluding from these preliminary data that the diagnosis of Vita- 
min B, deficiency was correct, treatment was made on a larger scale. 
Eighty of the sickest fish were selected and separated into two equal 
lots, one of which was injected intramuscularly with 0.2 to 0.4 milli- 
grams of thiamin hydrochloride, the dose varying with size (0.2 milli- 
srams for fish ranging from 45 to 65 millimeters and 0.4 milligrams 
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for those ranging from 66 to 90 millimeters in length). The others 
were left untreated as a control. At the end of two days the results 
were as follows: 


Fish Recovered Unaffected 
2 37 a 
1 0 39 


As a very definite benefit was evident in the above treatment another 
experiment involving a larger number of fish was set up to compare 
intramuscular and intraperitoneal injections. Two hundred and fifty 
of the sickest rainbow trout were selected and divided equally among 
five tanks. In two of the tanks the fish were injected with thiamin 
hydrochloride intramuscularly, in one tank they were injected intra- 
peritoneally, and two tanks were left as controls. The results at the 
end of four days are shown in Table 2. 


Table 2.—Results of injection of sick rainbow trout intramuscularly and intra- 
peritoneally with thiamin hydrochloride 


Milli- Number Partial to 
grams of fish complete 
Locale of injection injected dead recovery Unaffected 

1.0 2 40 8 
Intramuscular .... eens 2.0 9 38 3 
Intraperitoneal ,.... 2.0 0 48 2 
Contrel 0.0 1 | 0 49 
eee 0.0 1 | 0 49 


It was concluded from the favorable results of this and previous ex- 
periments and from general observations that the injections should be 
made intraperitoneally as this mode of injection seemed to do less dam- 
age to the fish. 


EFFECT OF VITAMIN B, INJECTIONS UPON METABOLISM OF 
AFFECTED TROUT 


To determine the effect of injections of thiamin hydrochloride upon 
the metabolism of trout suffering from the Vitamin B, deficiency 12 of 
the sickest fish were selected, care being taken to have them as near to 
the same weight as possible. These 12 trout were separated into two 
groups, one group was left untreated and each fish of the other group 
was injected intraperitoneally with 2 milligrams of thiamin hydro- 
chloride. Each group was placed in a respirometer and allowed to re- 
main in total darkness during the remainder of the experiment. At 
the end of 24 hours the oxygen uptake of each group of fish was mea- 
sured for a period of 4 hours and the values averaged and compared. 
The results showed that the treated fish 24 hours after treatment aver- 
aged an oxygen uptake of 3.5 times that.of the untreated fish. 

The recovery of the fish following the injection of synthetic Vita- 
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min B, -into the fish seemed to amply confirm the diagnosis of an 
avitaminosis due to B, deficiency. Accordingly the remainder of the 
sick fish were injected with 1 milligram of thiamin hydrochloride intra- 
peritoneally and were quite fully recovered when the observations 
were concluded. 


ARTIFICIAL PRODUCTION OF THIAMIN DEFICIENCY 


A group of yearling rainbow trout, were held in indoor tanks using 
a filtered water supply to exclude all natual food. These fish were fed 
only on canned carp, which, according to analysis, is practically devoid 
of thiamin. The feeding continued for 5 months before any symptoms 
of thiamin deficiency appeared. At the end of approximately 51% 
months most of the fish were suffering from the disease and exhibiting 
the same symptoms as described above. 

The fish upon examination failed to show any parasites or disease 
and recovered upon injection of thiamin hydrochloride. 


PREVENTION OF THE DISEASE 


To prevent further occurrences of this malady a supplement of 
dried brewer’s yeast is added to the diet of all trout when the diet is 
low in thiamin. The supplement of yeast has been quite successful in 


preventing the occurrence of the disease and has been useful in curing 
epidemics when they were detected in time to add it to the diet while 
the fish could still eat. 
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ABSTRACT 
sing A population study was conducted on 580.5 feet of Hunt Creek, a tributary 
fed of the Thunder Bay River, in Montmorency County, Michigan. Hunt Creek 
void was open to public fishing over its entire length during the 1940 trout season. 


A combination of stream diversion, blocking and seining, and finally poisoning 


OMS with rotenone, enabled the investigators to obtain a capture of all fish in 0.131 
51%, acres of stream. The total fish population consisted of 605 brook trout weigh- 
ting ing 12.36 pounds, and 188 muddlers weighing 1.27 pounds. From these data 


it was computed that Section C of Hunt Creek was supporting 4,619 brook 
trout (weight, 94.40 pounds) and 1,435 muddlers (weight, 9.68 pounds) per 
ease acre. Of the 605 brook trout captured, 2.3. per cent (14) were legal-sized 
(7 inches, total length or longer); 22.0 per cent (133) were between 4 and 
6.9 inches; and 75.7 per cent (458) were between 2 and 4 inches long. Two 
and one-half times as many legal-sized brook trout were captured in the 
deeper portion of the area as in the shallower region. Analysis of the data 
indicates that seining as a method of capture, even in blocked-off portions of 


t of trout streams, has an efficiency of no more than about 80 per cent, as far as 

et is number is concerned. ; 

al in Data on the growth of brook trout, derived from a random series of scale 
z samples, indicate that the brook trout do not reach the legal size of 7 inches 

ring until their third or fourth summer. Calculations based on the data available 

while from the scale readings, and the length-frequency distribution of the total 


population, indicated the distribution of the age-groups among the actual 
population was as follows: O—46.7 per cent; I—30.8 per cent; II—19.8 per 
cent; III—2.7 per cent. 
The caleulated survival from 1,000 young-of-the-year brook trout was found 
to be as follows: 0—1,000; I—659; II—424; ITI—58. 
The average coefficient of condition (K) of the brook trout population was 
Prog. determined to be 1.469 (144 specimens of a size range of 4.0 to 9.5 inches, 
total length). This value is somewhat higher than those reported by other 
authors, possibly because of the time of year when the investigation was 


conducted. 
con- 


lbany, 


INTRODUCTION 


The comparative scarcity of published studies of trout-stream popu- 
lations leads the authors to hope that the data presented here may be 
of interest to fishery biologists concerned with trout-stream problems. 
The entire fish population of a short stretch of stream was available 
for examination. There follows a description of the physical condi- 
tions in the region and of one method of study, together with an analy- 
sis of the fish population made from various standpoints, including 


1Contribution from the Michigan Institute for Fisheries Research. 
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that of age and growth, apparent mortality between age groups, and 
difficulty of capture. 

In the Hunt Creek experimental area, located in southern Mont- 
moreney County, Michigan, various parts of Hunt Creek have been 
given special designations, on an ecological basis, to aid in evaluating 
the results of an intensive creel census. Other research requirements 
made it desirable to construct a series of by-pass channels, which could 
be screened and controlled, near the middle of a 3,970-foot-long stretch 
of stream designated ‘‘Section C.’’? After the new channels were 
excavated, the entire flow of the stream was diverted through them, so 
that conerete bulkheads could be placed across the original channel. 
The diversion of the water presented an excellent opportunity to study 
the entire fish population of the section of stream thus cut off, in a 
manner similar to that described by Embody (1929). Seining and 
treatment with rotenone were employed in addition to water diversion 
to insure a complete count of all fish present in the delimited area. 

The delimited area consisted of two contiguous, arbitrarily desig- 
nated sections which, to conserve space, will be known hereafter as IT- 
A and III-A. Together, these sections comprised 580.5 feet of stream 
with a total surface area of 0.131 acre. Individually, III-A, the upper 
of the two sections, has a length of 298 feet, an average width of 9.2 
feet, and a surface area of 0.063 acre; II-A has a length of 282.5 feet, 
an average width of 10.5 feet, and a surface area of 0.068 acre. Stream 
flow, at the time of the study, was approximately 6,500 gallons per 
minute at a surface velocity varying, throughout the area, from 1 to 
2.5 feet per second, as determined with a Bentzel velocity tube. The 
water supply is almost wholly of spring origin. In the sections con- 
cerned, dissolved oxygen is usually present at the concentration of 
10.5 p.p.m. ; dissolved carbon dioxide has never been found in excess of 
2 p.p.m.; and is usually absent ; methyl-orange alkalinity is about 175 
p.p.m.; and the pH varies from 7.8 to 8.0 as determined with a Hellige 
pocket comparator. Throughout both sections the stream bottom is 
gravelly, composed of smoothly rounded glacial-drift material ranging 
in size from that of a pea to that of a man’s two fists. The average is 
about the size of a hen’s egg. Very little sand is exposed in the bottom, 
except for occasional bars formed behind natural obstructions. 

Bottom-fauna investigations indicate that in both II-A and III-A 
the average square foot of bottom yields about 0.750 cubic centimeters 
of bottom organisms during September. Larvae and pupae of caddis- 
flies, especially those of Mystrophora americana, surpass both mayflies 
and aquatic Diptera in number and volume. Common mayfly nymphs 
are those of Baetis vagans and B. brunneicolor, Paraleptophlebia prae- 
pedita and P. mollis, and Ephemerella invaria. Among stoneflies, only 
nymphs of Isogenus frontalis are often significant volumetrically, al- 


*Surface area, 1.07 acres. as determined from a plane-table map drawn to a scale of 1 
inch = 20 feet. 
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though nymphs of Capnia manitoba, Allocapnia torontoensis, Leuctra 
sp. and Nemoura spp. are numerically abundant. 

The stream banks, which are seldom over 1 or 2 feet high, support 
a mixed open stand of alder (Alnus incana), tamarack (Larix lari- 
cina), white cedar (Thuja occidentalis), and aspen (Populus tremu- 
loides). Aquatic vegetation is of negligible amount in the sections con- 
sidered here. There are a few small beds of speedwell (Veronica con- 
nata) ; and algae (Vaucheria sp.) form mats over the infrequent sandy 
areas. 


PROCEDURE 


On September 25, 1940, at 7:30 a.m., blocking seines of 3@-inch bar 
measure were doubled and placed across the stream simultaneously at 
points X and Y (Figure 1), and at the same time the flow was diverted 
into the bypass channel by means of a tight sandbag dam at point Z. 
The lead lines of the blocking seines were held tightly to the stream 
bottom and the intersections with the bank by a continuous row of 
large stones placed on each line. The entire fish population in II-A 
and III-A was thereby trapped. In about 45 minutes most of the nor- 
mal water content had drained out of the area cut off, and the fish 
present were concentrated in 20 to 30 small and more or less isolated 
pools. 

At this time seining was begun; a 4-by-4-foot common-sense minnow 
seine was used. All water areas were seined throughly, and most of 
the fish were taken in this way. Of the few fish taken by hand or 
with scap nets, the majority were muddlers (Cottus b. bairdii). The 
only trout in the area were eastern brook trout (Salvelinus f. fontin- 
alis). All fish captured were transferred to a tub of fresh water, and 
later were counted and weighed by species. Trout of legal size (7 
inches or longer, total length) were weighed and measured individu- 
ally and scale samples taken; measurements and scale samples were 
taken from a representative series of the smaller trout. All fish taken 
by seining were released alive below the lower blocking net after being 
weighed and measured. The entire day of September 25 was devoted 
to capturing and recording the fish taken by seining. 

Although nearly 6 hours of intensive seining effort had been ex- 
pended on less than 600 feet of stream, a small but noticeable number 
of trout and muddlers remained in the blocked-off area of stream. It 
was decided to leave the blocking seines in place over night, and to 
treat the pools with poison on the following morning. Accordingly, 
on September 26, at 7:15 A.M., with the air temperature at 38° F. 
and that of the water at 44° F., 200 grams of powdered derris root (5 
per cent rotenone content) were mixed with 5 quarts of water, and a 
small portion of the mixture was sprinkled over the surface of each 
pool in III-A, the upper of the two sections. After about 10 minutes, 
trout and muddlers remaining in the area began to die, and were col- 
lected by hand or with scap nets. 
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Figure 1.—Map of stream area of Section C of Hunt Creek,.Montmorency County, 
Michigan, on which the population study was made, (See text for significance of 
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Because of spring seepage from the banks and bottom of the stream, 
the isolated pools gradually spilled over, and the poisoned water from 
III-A was slowly forced into II-A, where its concentration proved suffi- 
cient to kill fish that had escaped capture by seining there. To prevent 
possible mortality of trout below the area under observation, a sand- 
and-gravel dike was thrown acoss the steam below the blocking net at 
point Y (Figure 1), and the poisoned water pumped out of the lower 
end of II-A by means of an engine-driven diaphragm pump having a 
eapacity of 100 gallons per minute. Operation of the pump for a 4- 
hour period removed most of the poisoned water. A small notch was 
then cut in the dike and the remaining water allowed to drain slowly 
from the isolated area. A careful inspection of Hunt Creek on the 
following day indicated that no mortality occurred below the isolated 
area. 


FisH PoPpuLATION OF THE DRAINED AREAS 


Only two species of fish were present in II-A and III-A: Eastern 
brook trout (Salvelinus f. fontinalis), and muddlers (Cottus b. bair- 
dit). From III-A, with a length of 298 feet, an average width of 9.2 
feet, and a surface area of 0.063 acre, a total of 345 trout and 90 mud- 
dlers was recovered. From II-A, the lower section, with a length of 
282.5 feet, an average width of 10.5 feet, and a surface area of 0.068 
acre, 260 trout and 98 muddlers were taken. Combining results, it may 
be seen that 605 trout and 188 muddlers were removed from 580.5 
feet of stream having a surface area of 0.131 acre. A further analysis 


Table 1.—Data on fish population of Diversions II-A and III-A of Section C of 
Hunt Creek, Montmorency County, Michigan, on September 25, 26, 1940 


Total Calculated Calculated 
Item Number weight number pounds 
captured (pounds) per acre per acre 
Diversion II-A (area 0.068 acre) 
Brook trout: 
7 inches or longer.............. 10 1.64 147 24.08 
BBD 79 3.52 1,162 51.76 
less than 4 inches...........- 171 143 | 2514 21.06 
98 0.64 | 1,441 9.43 
| 358 7.23 | 5,264 | 106.33 
Diversion III-A (area—0.063 acre) 
Brook trout: 
7 inches or longer.............. 4 0.75 63 11.97 
4-6.9 inches ............. . 58 2.55 921 40.44 
less than 4 inches.. ‘ 283 2.47 4,492 39.22 
Muddlers 90 0.63 | 11429 9.94 
Total 435 | 6.40 | 6,905 | 101.57 
Total area censused (0.131 acre) 
Brook trout | 
7 inches or longer. 14 2.39 | 107 | 18.26 
4-6.9 inches ........ 137 6.07 | 1,046 46.33 
less than 4 inch 454 3.90 3,466 29.81 
Muddlers ..... oo 188 1.27 | 1,43 9.68 
| 793 13.63 | 6,054 | 104.08 


1The average total length of the 14 legal brook ‘trout was 7.81 inches; the average total 
length of the sublegal brook trout was 5.12 inches (137 specimens measured); the average 
total length of the fingerling brook trout was 2.83 inches (51 specimens measured). 
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is shown in Table 1. On the basis of measurements of the area and the 
total number of fish recovered, it was found that this section of the 
experimental stream was supporting fish at the rate of 4,619 brook 
trout and 1,435 muddlers per acre, or, in terms of weight, held 94.4 
pounds per acre of trout and 9.68 pounds per acre of muddlers. It 
should be mentioned that an unknown but probably small number of 
legal-sized trout may have been removed from the restricted study area 
during the angling season which closed on September 4, 1940. 

Of -the 605 brook trout captured, 40 were marked fingerlings of 
hatchery origin. Thirty-nine of these fish were released in Section C 
in August, 1940; one was from a planting of hatchery-reared finger- 
lings made in the section in October, 1939. The hatchery-reared trout 
made up 6.7 per cent of the total brook trout population ; all were less 
than legal length (7 inches) at the time of the study. By weight, 
hatchery trout made up 2.7 per cent of the calculated total. As all 
the trout planted in Hunt Creek since 1938 have been marked, all un- 
marked tout were presumably of natural origin. 


LENGTH DISTRIBUTION OF THE TROUT POPULATION 


Data from all specimens obtained from IJ-A and III-A were com- 
bined to draw up a length-frequency table (Table 2 and Figure 2). 
The table and the figure show that a great majority of the brook trout 
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Figure 2.—Length-frequency distribution of the combined brook trout populations 
of Sections II-A and III-A, September, 1940. (The braces with arrows at the top 
of the figure indicate the length ranges of the individual age groups.) 
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present were fingerlings (less than 4 inches, total length). Of the 605 
trout captured, 2.3 per cent (14) were 7 inches or more in length; 
22.0 per cent (133) were between 4 and 6% inches and were classed as 
‘*sublegal’’; and 75.7 per cent (458) were fingerlings. By weight, 
legal-sized trout made up 19.4 per cent, sublegal fish 48 per cent, and 
fingerlings 32.6 per cent of the total weight of the trout captured. 


COMPARISON OF THE POPULATIONS OF THE Two AREAS 


The populations of II-A and III-A have been calculated separately 
to determine what differences existed in the components of the total 
population. The lower section, II-A, was slightly the larger, had more 
and larger pools, and better underwater cover. In II-A the pools had 
an average depth of 1.2 feet while those of III-A averaged 1.0 feet. In 
II-A was found the larger number of legal-length brook trout (10 as 


Table 2.—Length-frequency distribution of brook trout found in Diversions II-A 
and III-A, Section C, Hunt Creek, September 25, 26, 1940 
[Includes 40 marked hatchery trout] 


Range in Number Range in Number 
total length, of specimens total length, of specimens 
(millimeters) in group (millimeters) in group 

“ 10 155-159 | 6 
37 - 4 
71 -169. -| 4 
60 -174. 3 
100 4 
100 2 
37 - 1 
34 ee 1 

9 1 
3 1 
11 
9 
26 4 
13 
8 
13 
13 
1 
6 605 


1The length-frequency distribution of brook trout less than 100 millimeters total length was 
determined from a sample of 174 fish from Section C measured on September 24, 1940. The 
percentages of fish in each size range of the latter sample was applied to the total number of 
fish classed as ‘“‘fingerlings” in the population count. This procedure was followed because 
of lack of time to measure all trout captu 


compared with 4), and also the larger number of sublegal fish (79 as 
compared with 58). The number of fingerlings, however, was consid- 
erably less (171 as compared with 283) than in the smaller and slightly 
shallower upper section. Corresponding calculations ‘on numbers and 
pounds per acre exhibited similar differences. The total poundage of 
fish removed from III-A was at the rate of 101.57 pounds per acre as 
compared with 106.33 pounds per acre for II-A. (Table 1.) 
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An ANALYsIS OF DIFFICULTY OF CAPTURE 


Of some interest was the degree of difficulty with which the brook 
trout and muddlers of various sizes were captured. Seining activities 
were initiated as soon as the water level had dropped to a point where 
there was little flow between pools, and continued about 3.5 hours in 
the morning of the following day. By that time it was thought that 
more than half of the fish present had been removed. In both diver- 
sions, exactly 50 per cent of the legal-sized brook trout, roughly one- 
half of the sublegal trout, and approximately 63 per cent of the finger- 
lings were taken in the morning seining. Capture of the muddlers 
varied considerably; in III-A about 41 per cent were taken in the 
morning seining, while i in II-A only 3.1 per cent had been taken at that 
time (Tables 3 and 4). 

In III-A, the percentage of brook trout removed by seining (both 
afternoon and morning) was 91.9 while poison accounted for 8.1 per 
cent (27 fingerlings and one sublegal trout). The percentage of all 
fish removed, trout and muddlers combined, was 81.4 per cent by sein- 
ing and 18.6 per cent by poison. The rotenone was especially helpful 
in recovering small wis © ag which often escape a net by burrowing 
in the gravel and rubble of the bottom. 


In II-A, the percentage of trout taken was 86.2 by seining, and 13.8 


Table 3.—Analysis of difficulty of capture of fish population of Diversion III-A, 
September 25 and 26, 1940 


Date and method Total of 
and time of weight Total Total 


capture Item Number (grams) number weight 


September 25 Brook trout: 
(Morning seining) Over 7 inches. 143 
i 716 
706 
157 
] 
| 
| 0.0 


41.8 
61.9 
62.9 
Muddlers ate | 552 55.2 
September 25 Brook trout: 
(Afternoon seining) Over 7 inches.. 
4-6.9 inches... 
Less than 4 inch 


58.2 
37.1 
29.1 
Muddlers 


September 26 
(Poisoning) 


| 
Less than 4 inch 


Muddlers 


September 25 and 26/Brook trout: 
(All methods) Over 7 inches. 


| 342 100.0 
| 1,156 100.0 
| 1,121 100.0 
| 284 100.0 
| 


284 100.0 100.0 


ia 2,903 | 100.0 
Brook trout removed by seining. a 2, — 

Brook trout removed by poisoning. 
All fish removed by seinin 
All fish removed by poisoning. | 
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100.0 

4-6.9 inches................. 58 100.0 

Less than 4 inches.....) 283 100.0 

96.2 

3.8 

92.8 

7.8 
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Table 4.—Analysis of difficulty of capture of the fish population of Diversion II-A, 
September 25 and 26, 1940 


Date and method Total |___Percentageof 
and time of Total weight Total Total 
capture Item number (grams) number weight 
September 25 Brook trout: | 
(Morning seining) Over 7 inches............... 5 387 50.0 52.0 
35 713 44.3 44.6 
Less than 4 inches..... 102 395 59.6 60.7 
September 25 Brook trout: 
(Afternoon seining) Over 7 inches............... 5 } 356 50.0 48.0 
4-6.9 inches.............000 32 662 40.5 41.5. 
Less than 4 inches..... 45 174 26.3 26.8 
a 23 63 23.4 21.7 
September 26 Brook trout: 
(Poisoning) Over 7 inches............... mae pe. 0.0 0.0 
12 222 15.5 13.9 
Less than 4 inches...... 24 81 14.1 12.5 
| an | 735 | 
September 25 and 26/Brook trout: 
(All methods) Over 7 inches............0.. 10 743 100.0 100.0 
46.9 Inchos.......ccscccccee 79 1,597 100.0 100.0 
Less than 4 inches..... 171 650 100.0 100.0 
_ 98 100.0 | 100.0 291 100.0 100.0 
358 868 1 S201 2005 #| 1000 3,281 358 3,281 100.0 100.0 100.0 
Brook trout removed by seining... 224 "gaa | 2,687 | 862 | 89.9 
Brook trout removed by poisoning... 36 303 13.8 10.1 
A'l fish removed by seining........... coool 2,767 72.6 84.3 
All fish removed by poisoning................cccccseseee 98 514 27.4 15.7 


by poison. The percentage of all fish taken was 72.6 by seining and 
27.4 by poison. 

To demonstrate further how much error would be introduced by con- 
sidering results obtained by seining only, the percentage of the weights 
removed from the two sections by seining and by poisoning are shown 
in Table 3 and 4. For example, seining alone accounted for only 84.3 
per cent of the total weight of fish taken from II-A. Seining appears 
to have been more efficient in III-A, where nearly 93 per cent of the 
total weight of fish captured was taken by this method. 

On the basis of the percentage of brook trout removed by seining, 
II-A might be classed as ‘‘moderately difficult to seine,’’ and III-A as 
‘easy to seine,’’ if data obtained by Trippensee (1937) on New Hamp- 
shire trout streams are applicable to Michigan trout waters. 

The discrepancies that can be noted in Tables 3 and 4 between the 
populations found by seining, and those found by seining plus poison- 
ing, present further proof that seining alone cannot remove all the 
fish from even a small area of stream unless conditions are extremely 
favorable. These conditions (such as gently sloping shore, smooth bot- 
tom with no rocks or snags, gentle current, etc.) seldom occur in nor- 
mal trout streams. It should be remembered, too, that the seining dis- 
cussed here was conducted with a water level so low as to almost isolate 
the deeper pools, and that.there was no interference in the seining 
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operations from the water currents. Had the water level and current 
been normal, we probably could not have taken as many fish by seining 
as are shown in the tables. 


AGE AND GROWTH OF THE Brook TROUT 


From the 605 brook trout that made up the total population of the 
two blocked-off areas, a series of scale samples from 95 individuals 
were studied. This series was augmented further by the scales of 27 
brook trout collected from the same general stream area in the course 
of the September seining of the experimental stream for marked brook 
trout. The growth history of the brook trout in Section C was com- 
puted from scale measurements of 71 wild fish of the 122 fish whose 
ages were determined. All scales (except for 33 small trout of age 
group 0 and 19 from I group) were mounted on microscope slides in 
glycerin-gelatin and studied on the microprojection machine at the 
magnification X 90. Scales of the fish for which slides were not made 
were examined under water by means of a binocular microscope or on 
the microprojector. Scales of these fish were examined to determine as 
closely as possible the upper and lower limits of the size ranges of age 
groups 0 and I respectively. 

The data relating to age and growth suggest that the brook trout on 
the upper reaches of Hunt Creek are relatively slow-growing. From 
Table 5 and Figure 3 it will be noted that the average calculated total 
length of brook trout in this stream does not reach the legal limit of 7 
inches until sometime during the fourth summer of life (age group 
III). According to the length measurements and growth calculations 
from scale measurements, the average total length of the wild brook 
trout in Section C at the end of 1 year is slightly more than 3 inches; 


Table 5.—Actual and calculated total lengths (inches) of wild brook trout in 
Section C of Hunt Creek, September 24-26, 1940 


~ 

Number of Average ength 0! at en Range in total 

Age-group pee total et of year of life length at capture 
studied at capture 1 | 2 | 3 


3.03 
3.07 5.08 
2.87 4.76 6.81 
Total or | | 
average ‘ini 3.03 5.00 6.81 


‘Measurements were made on scales of only 25 fish of this age group. 


at the end of 2 years, 5 inches; at the end of 3 years, just under 6% 
inches; at the end of 334 years, 8 inches. (The average total length of 
9 fish showing three annuli at the time of the population study was 8 
inches. ) 

The average total length of the young of the year (spawned the 
previous fall and showing no annuli on their scales) was 68 millimeters 
(about 254 inches). The size range of the fish in age group 0 was from 


2.80-5.83 
4.72-8.58 
6.61-9.45 
| 2.80-9.45 


Ne 
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57 to 81 millimeters (about 214-314 inches, total length). An overlap 
in the size ranges of the several age groups was noted (Table 5 and 
Figure 3). The length of brook tout in age-goup I ranged from 234 
to 5% inches; those in age group II was found to vary from 434 to 
85 inches; and fish in the oldest age group, III, was found to range 
from 6% inches to 914 inches. Such an overlap in the size ranges of 
the various age groups makes it impossible to predict accurately the 


ages of the various elements of the brook trout population from their 
total lengths. 
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COMPLETED YEARS OF LIFE 


FIGURE '3.—Average ealeulated total lengths of Hunt Creek brook trout (solid 
line), and New York State brook trout (broken line) at the end of various years 
of life 


Although the growth curve drawn up from the average calculated 
total lengths at the end of the various years of life indicates that the 
brook trout from this part of Hunt Creek do not reach legal size until 
sometime during their fourth summer of life, actually a small portion 
of the population does exceed the size of 7 inches, total length, during 
the third summer (age group II). At the same time it should be 
pointed out that not all of the fish found to be in their fourth summer 
of life (age group III) were of legal size. Since the population study 
was conducted shortly after the close of the 1940 trout season, it is 
very possible that the anglers’ catch reduced the number and the aver- 
age size of the brook trout recorded in age-groups IT and III, as the 
law permits the angler to keep only those fish taken by hook and line 
which are 7 inches or longer. 

Some comparative data on the age and growth of brook trout in 13 
trout streams in New York state are given by Hazzard (1932). In 
this study it was found that the average calculated total lengths were : 
at the first annulus, slightly less than 334 inches; at the second an- 
nulus, slightly less than 534 inches; at the third annulus, 65% inches. 
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Apparently the brook trout in those New York streams grew at a 
slightly faster rate during the first 2 years of life than did the brook 
trout of Hunt Creek, but exhibited a diminished rate of growth during 
the third year. The growth curve for the New York fish is presented 
also on Figure 3. 

Comparisons were also made of the average total length of brook 
trout of various ages from three other Michigan brook trout waters 
(anpublished data) and with the data presented by Ricker (1932) for 
the growth of Ontario brook trout. Without going into detail here it 
may be said that the Hunt Creek brook trout grow the most slowly of 
brook trout in any of the waters on which data are available. The 
comparative data suggest that the length of 7 inches is reached in the 
other streams for which comparative data are available during the 
third instead of in the fourth summer of life. 


AGE COMPOSITION OF THE Brook TrouT POPULATION 


The distribution of the brook trout population among the various 
age groups is of considerable interést. If it is assumed that the sample 
of fish which was studied for ages is representative, the percentage of 
the total population of wild brook trout of the two diversions in the 
various age groups may be calculated from the percentages obtained 
from a study of the scale samples. 

Table 6 presents the number and percentage of fish found in the 
various size ranges (7 inches or larger, 4.0-6.9 inches, 2.1-3.9 inches) 
for the fish whose scales were studied for age. The percentages ob- 
tained were then applied te the known length-frequency distribution 
(Table 2) to calculate the total number of wild fish of the several ages 
in the various size ranges (Table 7). 


Table 6—Age and size distribution among 95 wild brook trout from Diversions 
II-A and III-A, Section C, Hunt Creek, September 26, 26, 1940 


Number (and percentage) of 


Size range brook trout in sample in 


Number of wild brook 


(inches) trout whose ages each size group 
were determined fi) | I | II | IiI 
52 33 19 
(63.5) (36.5) 
citation 29 5 23 1 
(17.0) (79.0) (4.0) 
14 ecco 9 
(35.7) (64.3) 


Table 7.—Distribution of the various age groups of the wild brook trout popula- 
tion of Diversions II-A and III-A, Section C, of Hunt Creek (as determined from 
the data presented in Table 6) 


Actual number of wild Calculated number of wild 

Size range brook trout in size |_____brook trout in age group _| Total 
(inches) range | I | | 
415 264 151 415 
4.0-6.9 ... ° 136 eens 23 107 6 136 
7.0-9.5 ... 14 5 9 14 

Total 565 | tee. 15 | 565 


Calculated percentage of wild brook trout | 


30.8 | 19.8| 2.7] 100.0 
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Where fish of the same age occurred in more than one size range, the 
sum for the group was determined. The percentage of the total popu- 
lation of wild fish (565) in the age groups was found by dividing the 
number in each age-group by 565. According to this latter calcula- 
tion, 46.7 per cent of the wild brook trout population were young of 
the year (no annulus on the scale), 30.8 per cent were 2 summers old 
(one annulus), 19.8 per cent were 3 summers old (two annuli), and 
2.7 per cent were 4 summers old (three annuli). 

If it is assumed that the population count in II-A plus III-A is rep- 
resentative of Section C of Hunt Creek, the age composition of the 
wild brook trout population of Section C in September, 1940, would be 
as follows: age group 0—2,155 fish ; age group I—1,421 fish ; age group 
II—914 fish ; age group ITI—125 fish; total population of wild brook 
trout—4,615 fish (Table 8). The above figures were determined by 
applying the percentages obtained in Table 8 to the calculated number 
of wild fish per acre as shown in Table 1, and then multiplying the re- 
sults by 1.07, the measured water acreage of Section C of Hunt Creek. 

It is of interest to note that if the calculated population of wild fish 
of legal size (114) is correct, the 1940 anglers’ catch was approxi- 
mately 50 per cent of the standing crop of legal-sized brook trout, 
since the intensive creel-census records for Section C in 1940 show a 
eatch of 113 legal brook trout. 


Table 8.—Calculated age and size distribution of the wild brook trout in the total 
estimated population of Section C (area 1.07 acres) of Hunt Creek, September 25- 
26, 1940, with an estimate of the percentage of survival from age group to age 
group. (Figures in parentheses indicate the percentage of each age group in each 
size range) 
| Age group 
Item | I | II 


Calculated number of wild brook trout 
in size range 2.1-3.9 inches 2,155 1,233 


| (86.8) 
Calculated number of wild brook trout | 
in size range 4.0-6.9 inches. ‘esti 188 875 


7 


46 1.109 
(13.2) | (95.7) (36.9) (24.0) 
Calculated number of wild brook trout i | 


in size range 7.0-9.5 inches 


Distribution of calculated total brook 
trout population of Section C among 
the age groups | 2,155 
Percentage of wild brook trout surviv-| 
ing from previous age group 
Calculated survival from 1,000 young- 
of-the-year brook 1,000 


PERCENTAGE OF FisH SURVIVING FROM ONE AGE GROUP TO THE NEXT 


From the data available through the calculations demonstrated in 
Tables 6, 7, and 8, the percentage of the calculated total population of 
Section C in the various size ranges and age groups were estimated. 
The number of fish surviving from one age group to the next may be 
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| rn 
cose | 3.388 
| | (73.4) 
as 
| (4.3) | (63.1) (2.6) 
| | | | 
| 1,421 | 914 | 125 | 4,615 
| 
| 65.9 [| 64.3 | 13.7 | 
! | 
659 | 424 | 58 ans 
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regarded as an index of mortality from year to year, if it is assumed 
that the factors causing mortality between the several age groups are 
the same from one year to another. The survival was found to be: 
65.9 per cent between the first and second summers; 64.3 per cent be- 
tween the second and third summers; 13.7 per cent between the third 
and fourth summers (Table 8). The number of fish surviving to the 
end of the various years of life from 1,000 young of the year would 
then be: second year, 659 (all undersized) ; third year, 424 (18 or 4.3 
per cent of legal size) ; fourth year, 58 (36 or 63.1 per cent of legal 
size). In other words in Section C of Hunt Creek only 54 (36 plus 
18) or 5.4 per cent of the brook trout out of 1,000 fingerlings reach the 
legal size of 7 inches, total length, by the end of the fourth summer of 
life. If the creel-census figures for Section C for the 1940 season indi- 
eate the true situation, the angler takes only about 50 per cent of the 
legal trout present and the return to him per 1,000 fingerlings would 
be in the neighborhood of 2.7 per cent, or approximately 27 legal fish 
out of every 1,000 young-of-the-year brook trout available in the late 
summer. Probably the most important function of the Hunt Creek 
Fisheries Experiment Station will be to determine the fate of the 
other 97.3 per cent and whether a greater return to the angler can be 
effected in any practicable way. 


COEFFICIENT OF CONDITION OF Brook TROUT IN 
Section C, Hunt CREEK 


Knowledge concerning the condition of the brook trout, that is, 
whether the fish are heavy or light for their respective lengths, is of 
interest in connection with their rate of growth. Since measurements 
and weights were available from 144 specimens of the population, the 
coefficient of condition (A) was calculated for these fish. This series 
of coefficients is almost entirely for brook trout exceeding 100 milli. 
meters, total length (approximately 4 inches). Neither time nor 
facilities for the accurate weighing of fingerling fish were available 
during the population study. 
The coefficient of condition (AK) was calculated from the formula 


K = weight in grams X 100,000 
(standard length in millimeters )* 


The average K for the 144 specimens (size range 98-240 millimeters 
total length) was found to be 1.469, and the K values ranged from 
0.970 to 2.029 (Table 9). 

The brook trout for which coefficients of condition were determined 
were separated into 10-millimeter size groupings starting at 90 milli- 
meters and running to 249 millimeters. The average K for each group 
was determined and plotted against the average total length (Table 9 
and Figure 4). The table and chart appear to demonstrate that the 
larger fish were in better condition (were heavier for their lengths) 
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Table 9—Summary of data on the coefficient of condition of wild brook trout 
population of Diversions II-A and III-A, Section C, Hunt Creek, September 25 


Average 


1.270 
1.340 
1.413 
1.410 
1.471 
1.479 
1.566 


and 26, 1940 
Range in Number Range in 
total length, of specimens coefficient of 
(millimeters) in group condition 
1 1.270 
14 1.135-1.729 
33 1.205-1.686 
21 0.970-1.700 
24 1.158-2.029 
13 1.206-1.826 
12 1.331-1.806 
8 1.385-1.891 
7 1.285-1.799 
3 1.480-1.731 
2 1.497-1.593 
1 1.771 
4 1.577-1.726 
1 1.672 
Total or average ....| 144 | 0.970-2.029 


N 
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AVERAGE COEFFICIENT OF CONDITION (KK) 
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100 «120 220 
AVERAGE TOTAL LENGTH 


240 (MM) 


Figure 4.—Relationship between average total length and average coefficient of 
condition of brook trout in II-A and III-A, Section C, Hunt Creek, Montmorency 


County, Michigan, September, 1940 
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than were the smaller fish. The larger brook trout, particularly those 
above 150 millimeters, total length (approximately 6 inches), were ap- 
proaching sexual maturity, or were sexually mature and preparing for 
the spawning season, which fact may explain partially the somewhat 
higher average values obtained for the larger fish. 

The average values of K found for the Hunt Creek brook trout are 
somewhat higher than the values of K published by Hazzard (1932) 
for 18 New York trout streams, and by Klak (1941) for three West 
Virginia trout streams. Since live weights were taken in this study 
and dead weights (after several hours in the creel) were used by these 
other workers, a loss of weight ‘subsequent to capture may at least 
partially account for the higher average condition of trout in Hunt 
Creek. 


SUMMARY 


1. The conditions which made possible the study and the methods 
used to carry out an exact population count of 580.5 feet of Section C 
of Hunt Creek in Montmorency County, Michigan, were described. To 
the best of our knowledge, the figures obtained represent a 100 per cent 
capture of the fish present in the blocked-off area. 


2. A total population of 605 brook trout and 188 muddlers was 
found.- The caleulated numbers of trout and muddlers per acre of 
stream were determined to be 4,619 and 1,435 respectively ; the weights 
in pounds per acre were 94.40 pounds of trout and 9.68 pounds of 
muddlers. Hatchery-reared trout, recognizable by the combinations 
of fins which had been clipped at their release, made up 6.7 per cent of 
the actual trout population and 2.7 per cent of the calculated total 
weight of trout. 


3. Of the total number of brook trout captured (605), some 2.3 
per cent were of legal size, 22.0 per cent were from 4 to 6% inches 
long, and 75.7 per cent were from 2% to 4 inches long. 

4. More legal-sized brook trout and brook trout of sublegal size 
were taken from II-A where the pools were slightly deeper than from 
III-A, which was relatively shallow. However, more small (finger- 
ling) trout were found in III-A than in IT-A. 

5. An analysis of the difficulty with which fish were captured from 
the blocked-off areas indicates that population studies conducted with 
the use of the seine as the sole method of capture cannot be expected 
to be more than 80 per cent accurate, even under the most favorable 
conditions. 


6. Age determinations on a series of scale samples demonstrate that 
the brook trout of Section C do not reach the legal length of 7 inches 
until their third summer, when about 4.4 per cent of the fish of that 
age are longer than 7 inches, total length. About 63 per cent of the 
4-summer-old brook trout had reached the legal size of 7 inches, total 
length. 


Population of a Michigan Trout Stream dl 


7. The calculated percentage distribution of the brook trout popu- 
lation of Section C of Hunt Creek among the various age groups was 
as follows: age group 0, 46.7 per cent; age group I, 30.8 per cent; age 
group II, 19.8 per cent ; age group III, 2.7 per cent. - 

8. Data on the coefficient of condition (K) for the brook trout of 
Section C of Hunt Creek demonstrate that the fish were rather heavy 
for their length, since the average values obtained were somewhat 
higher than K values published by other authors for brook trout. The 
high values obtained may have been somewhat influenced by the ap- 
proach of the spawning season. 
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A PRE-IMPOUNDMENT BOTTOM-FAUNA STUDY OF 
WATTS BAR RESERVOIR AREA (TENNESSEE)! 


F. Earte LyMan 


Tennessee Valley Authority 
Norris, Tennessee 


ABSTRACT 


Pre-impoundment bottom-fauna data are presented for the Watts Bar Reser- 
voir area (Tennessee). A salting-out technique is described which was used to 
facilitate the separation of organisms from debris. In deep water four major 
taxonomic groups made up 98.93 per cent of the total number and practically 
100 per cent of the total volume. Nymphs of Hexagenia bilineata (Say) com- 
posed 82.43 per cent of the total volume. This species probably has a 1-year 
life cycle in Tennessee. Production was highest on the muddy bottom and 
lowest on sand. Data on depth distribution showed the first 10 feet to be 
most productive. The seasonal peak of production was reached during Sep- 
tember and October. This maximum was due almost entirely to mayflies. The 
rate of growth of Hexagenia nymphs was most rapid during August and 
September or immediately following hatching. The riffles and flats at the 
shallow-water station were less productive than the mud-sand bottom of the 
deep water. The fauna of the riffles and flats will probably not survive im- 
poundment; however, the fauna of the deep-water area will survive. 


INTRODUCTION 


A series of studies aimed at learning what changes occur in basic 
fertility, fish food, fish population, and fishing with transformation of 
the Tennessee River and many of its tributaries from streams to reser- 
voirs is being conducted. The present study was undertaken to de- 
termine the relative amount of bottom fauna potentially available for 
fish food prior to impoundment in-that portion of the original river 
channel now included by Watts Bar Reservoir. A concurrent bottom- 
fauna study was made in the original river channel of that part of the 
Holston River which is now flooded by Cherokee Reservoir. Cherokee 
is a storage reservoir and Watts Bar is a run-of-the-river reservoir ; 
the two types differ decidedly as habitats for fish and fish food. A 
comparison of the bottom fauna in the two reservoir areas before 
and after impoundment is planned. 

Watts Bar Reservoir (Table 1) is located on the Tennessee River 
530 miles above the mouth, between Chickamauga and Fort Loudoun 
Reservoirs. It is the second of a series of nine reservoirs which im- 
pound the entire length of the Tennessee River from its source to 
within about 20 miles of its mouth (Ohio River). 

The writer expresses appreciation to Drs. A. H. Wiebe and R. W. 
Eschmeyer for many helpful suggestions extended during the course 
of the work; to Dr. Irving J. Cantrall for aid in developing the salt- 


2Published with permission of the Tennessee Valley Authority. 
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Table 1.—Morphometric data on Watts Bar Reservoir, Tennessee. All elevations 
are in feet above sea level. (Data from Watts Bar Project, T.V.A. Water Control 
Planning Department, December 1938.) 


Rese: voir: 


Area (acres) 
maximum, at elevation 745 


41,500 
Shoreline (miles) normal pool at elevation 741.................ccccscceesseedecceees 543.0 
Average width (miles) at elevation 741 0.82 


ing technique; and to Alden M. Jones for aid in collecting and sorting 
samples. 


STATIONS 


Station I, for deep-water (1-30 feet) samples, was chosen near the 
center of the reservoir area just below Long Island between miles 569 
and 570. In this area the bottom was composed primarily of mud and 
sand. The mud and sand bottom was the predominant type of habitat 
along the channel of the Tennessee River in the Watts Bar Reservoir 
area. In this type of habitat, current, except during periods of flood, 
was for the most part negligible. The bottom was arbitrarily classified 
as either mud, sand, muddy sand (sand predominating), or sandy 
mud (mud predominating). 

Station II, for shallow-water (2-18 inches) samples, was selected 
in the same general locality near the upper end of Ebben Island 
which was located to the left and approximately 1 mile above the 
lower end of Long Island. In this area the water flowed over a bottom 
consisting of rocks and gravel. Here the current was relatively strong 
and in certain places produced riffles. For this reason samples were 
collected from an area where the water surface was classified as flat 
or riffied. Whether or not the surface of the water is flat or riffled 
depends upon some combination of the following factors: character 
of bottom surface, slope of bottom, size of stones, depth of water, and 
rate of current. 


METHODS 


Collecting at Station I was accomplished with an unweighted Peter- 
sen dredge which covered an area of 0.82 square feet. Within the sta- 
tion area samples were taken at random from various depths and 
kinds of bottom. Usually three hauls comprised one sample from any 
given depth. The range of depth for all samples taken was 1.5-30.0 
feet. A 30-mesh screen was used in the field for washing and concen- 
trating samples. The residue, including the organisms, was preserved 
with 10 per cent formalin. 

In the rocky to gravelly shallow area at Station II, where a rela- 
tively strong current was present and where use of a Petersen dredge 
was impracticable, a Surber sampler (Surber, 1937) with a 24-mesh 
cloth screen bag was used. This sampler was designed to cover an 
area of 1 square foot. The washed residue was preserved with 10 per 
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cent formalin. The depth range for these samples was 2 to 18 inches. 

A total of 228 bottom samples was secured, 122 from Station I and 
106 from Station II. Sampling was done from July to December 
1941 (for exact dates see Fig. 1). 


a 


Ficurs 1.—Seasonal distribution (1941) at Station I, Tennessee River, Watts Bar 
Reservoir area, Tennessee, of all organisms as compared with the Ephemeroptera 
--on the basis of numbers. 
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In order to separate the organisms from the debris, a technique in- 
volving the use of a saturated salt (NaCl) solution was vsed in the 
laboratory to concentrate the organisms further before finally picking 
the sample. The preserved field residue was placed in a sereen and 
thoroughly rewashed. If no large stones or other bulky debris were 
present in the sample the salting-out process proceeded immediately 
from this point. However, if numerous large stones or other bulky 
debris were present, the sample was washed into a large pan which 
in turn was placed in the screen. A strong stream of water was used 
to agitate and wash out of the pan all of the lighter-weight material 
which included most of the organisms, thus leaving behind only 
the heavier residue. This coarse residue could then be examined 
quickly for stray organisms. Seldom were any found. That material 
which had been washed into the screen was then transferred to a 
pan and the excess water, required to wash off the screen, was poured 
through a screen cup to catch any floating organisms. The residue 
caught by the screen cup was later added-to the main residue of con- 
centrated organisms obtained by salting. The drained residue left in 
the pan was flooded with a saturated salt solution and stirred vigor- 
ously. This stirring caused most of the organisms to float to the sur- 
face. The salt solution, carrying with it the floating organisms, was 
poured into a funnel covered by grit cloth of proper mesh ‘to retain 
all specimens. Alternate flooding with the salt solution and floating 
off the organisms was repeated on the residue until no more could 
be secured. Three to five times was usually sufficient. The salted resi- 
due was examined for any organisms that had not floated out. The 
organisms in the concentrated residue on the funnel were then sepa- 
rated from the small-amount of debris which had floated over with 
them. 

At times the routine method had to be modified slightly to meet the 
circumstances. For example, when masses of filamentous algae oc- 
curred in the sample, many organisms became entangled and could be 
obtained only by hand picking. The salting method not only shortened 
the total time involved, but it undoubtedly reduced the number of 
smaller organisms inevitably missed by ordinary hand picking. 

All specimens were finelly sorted to major taxonomic groups and 
counted ; the volume of each group was measured by displacement in 
alcohol. Various volumetric measuring devices were used according 
to the size and number of organisms to be measured. Centrifuge tubes 
of assorted sizes graduated to 0.01 or 0.1 cubic centimeters were found 
convenient for the determination of the smaller volumes, and cylinders 
graduated to 0.1 or 1.0 cubic centimeters were used to determine larger 
volumes. The numbers given for the Oligochaeta are only approxima- 
tions, since many of the smaller specimens became fragmented and 
could be counted accurately ; however, volume measurements for this 
group are reliable. All specimens were placed on an absorbent paper 
to remove excess moisture before they were measured for volume. 
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ABUNDANCE OF Masor TAxoNomMic GROUPS 


In the deep-water samples taken at Station I, 12 principal taxo- 
nomic groups” were represented (Table 2). Of these 12 groups, 4 
(Ephemeroptera, Diptera, Oligochaeta, Anisoptera) made up 98.93 
per cent of the total number. These same four groups comprised for 
all practical purposes 100 per cent of the total volume since all other 
groups were represented by immeasurable traces. 


Table 2.—Average numbers and volumes (cubic centimeters) per square foot of 
bottom organisms at Station I, Tennessee River, Watts Bar Reservoir area, Ten- 
nessee. Based on 122 bottom samples (average of 2.9 hauls per sample) taken in 
deep water with a Petersen dredge, 1941 


Percentage Percentage 

of total of total 

Organisms Number number Volume volume 
Nematoda (Roundworms) 0.07 0.14 | Trace Trace 
Oligochaeta (Earthworms 7.01 13.86 0.08 10.81 
Hirudinea (Leeches) 0.01 0.02 Trace Trace 
Decapoda (Crayfish) Trace Trace Trace * Trace 
Hydracarina (Water mites)...... 0.04 0.08 Trace Trace 
Sialidae (Alder flies)................ 0.01 0.02 Trace Trace 
Ephemeroptera (Mayflies ne. 32.42 64.10 0.61 82.43 
Anisoptera (Dragonflies) 0.78 1.54 0.04 5.41 
Zygoptera (Damselflies). ae. 0.01 0.02 Trace Trace 
Coleoptera (Beetles)........... an 0.30 0.59 | Trace Trace 
Trichoptera. (Caddisflies).......... 0.10 0.20 Trace Trace 
Diptera (True flies).................. 9.83 19.43 | 0.01 1.35 
50.58 100.00 | 0.74 | 100.00 


In the shallow-water samples from Station II, 12 major taxonomic 
groups (Table 3) were also present with only‘minor differences in 
the groups represented as compared with the deep-water fauna of 
Station I. The Hirudinea and Hydracarina at Station I were not 
present in the Station II fauna; likewise, the Turbellaria and Plecop- 
tera of the Station II samples were not found among the Station I 
fauna. Of the 12 groups, 4 (Ephemeroptera, Trichoptera, Diptera, 
Oligochaeta) made up 86.27 per cent of the total numbers. Four of 
the groups (Oligochaeta, Sialidae, Decapoda, Ephemeroptera) com- 
prised 90.24 per cent of the total volume. It may be noted that while 
Trichoptera and Diptera were significant as to numbers, the Sialidae 
and Decapoda were more important from the standpoint of volume. 
Likewise, the Ephemeroptera which composed 33.61 per cent of the 
total numbers of all organisms, formed only 4.88 per cent of the 
total volume. This group was not as important at Station II as it 
was at Station I. However, these facts may be viewed from a different 
angle with regard to their importance in the light of available fish 
food. It would seem that smaller fish would be benefited more by the 
large number of small organisms, whereas, only the larger fish would 
be benefited by the small number of larger organisms. 

Although the higher taxonomic categories, such as, family, order, 


*Exclusive of the Mollusca. 
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Table 3.—Average numbers and volumes (cubic centimeters) per square foot of 

bottom organisms at Station II, Tennessee River, Watts Bar Reservoir area, Ten- 

nessee. Based on 106 square-foot bottom samples taken in shallow water with a 
Surber sampler, 1941 


Organisms 
Turbellaria (Flatworms) 
Nematoda (Roundworms) 
Oligochaeta (Earthworms) 
Decapoda (Crayfish) 
Sialidae (Dobson-fli 
Ephemeroptera (Ma: 


Anisoptera (Dragonflies) . 


Zygoptera (Damselflies) 
Plecoptera (Stoneflies) 
Coleoptera (Beetles) 

T:ichoptera (Caddisflie: 
Diptera (True flies) .. 


| Number 


Percentage 
of total 
number 


0.45 


Volume 


Trace 
Trace 
0.15 
0.07 
0.13 
0.02 
0.01 
0.01 
0.01 
Trace 
0.01 
Trace 


| 100.00 0.41 


and class may be the same for the two general habitats, it is not to 
be concluded that the specific or generic groups were identical. For 
example, the Sialidae in the Station I fauna belonged to the genus 
Sialis while those in the Station II fauna were Corydalus. The Ephe- 
meroptera of the Station I fauna were Hexagenia while those of Sta- 
tion II habitat belonged to various genera from the families Hepta- 
geniidae and Baetidae. 

The data (Tables 2 and 3) show that the average number of deep- 
water organisms (Station I) per square foot was 50.58, with an aver- 
age volume per square foot of 0.74 cubic centimeters, as compared with 
an average number of 44.61 and an average volume of 0.41 cubic centi- 
meters for the shallow-water area (Station IT). 


DISTRIBUTION ON THE Bottom 


Table 4 shows that of the four types of bottom (mud, sandy mud, 
muddy sand, and sand) mud was the most productive as to both 
number and volume. This production can be traced primarily to the 
abundance of Ephemeroptera in both number and volume since this 


Table 4.—Abundance of bottom organisms per square foot and average size of 
organisms on four types of bottom at Station I, Tennessee River, Watts Bar Reser- 
voir area, Tennessee. Based on 122 bottom samples (average of 2.9 hauls per sam- 
ple) taken in deep water with a Petersen dredge between July and December, 1941. 
Volume in cubic centimeters. 
| Mud Sandy mud | Muddy sand | Sand 
(60 samples) (26 samples) (21 samples) (15 samples) 
|Number| Volume |Number Volume | Number | Volume | Number | Volume 


81.91 1.60 38.84 0.36 32.82 0.22 7.86 0.03 
57.85 1.44 20.89 0.22 19.24 0.12 2.06 0.01 


Item 


All organisms 
Ephemeroptera .... 
Average size, ex- 
clusive of may- 
flies 0.007 
Average size 
mayfiies 0.025 


0.008 0.007 


0.006 


0.004 


0.011 0.005 


4 Percentage 
of total 
93 volume 
or 0.20 j Trace 
een: 0.62 1.39 | Trace 
er bee 5.79 12.98 36.59 
ones 0.03 0.07 17.07 
aa 1.04 2.38 31.70 
ae 15.00 33.61 | 4.88 
0.38 0.85 2.44 
of aed 1.34 3.01 2.44 
0.17 0.38 2.44 
2.34 5.25 Trace 
m ‘ae 9.96 22.33 2.44 
7.74 17.35 | Trace 
ic 
n 
I 
a, 
yf 
l- 
le 
e 
e 
it 
it 
h 
e 
a 


58 American Fisheries Society 


group formed between 53 and 70 per cent of the total number and 
between 54 and 90 per cent of the total volume of all organisms on 
all types of bottom except sand. 

A study of the distribution of forms with relation to depth (Table 
5) shows that the first 10 feet are the most productive in both volume 
and number. This region produced over 64 per cent of the total 
number and over 80 per cent of the total volume found at all depths. 
It is significant to note that the upper 10 feet of bottom is the area 
most affected by changes in water level. 

A comparison of productiveness of the flats and riffles at Station 
II is shown in Table 6. Riffles were somewhat more productive in num- 
ber and volume. 


Table 5.—Average numbers and volumes (cubic centimeters) per square foot of 
bottom organisms according to depth at Station I, Tennessee River, Watts Bar 
area, Tennessee. 

[Based on 122 bottom samples (average of 2.9 hauls per sample) taken in deep water with 

a Petersen dredge, 1941] 
Number of } 


samples Number Volume 


Table 6.—Abundance of bottom organisms per square foot on riffies and flats at 
Station II, Tennessee River, Watts Bar Reservoir area, Tennessee. Based on 106 
square-foot bottom samples taken in shallow water with a Surber sampler, 1941. 
[Volume in cubic centimenters. } 


Riffle | Flat 
(46 samples) (60 samples) 
Number | Volume | Number | Volume 


54.28 | 0.44 | 35.18 0.37 


SEASONAL DISTRIBUTION 


The numbers and volumes of the fauna at Station I were low during 
early summer and gradually became higher in late summer (Figs. 1 
and 2). The importance of mayflies as a component of this fauna 
is clearly shown by the graphs. The maximum number of Ephemerop- 
tera was present during September and October (Table 7). The rea- 
son for the distinct decline in November is not apparent. However, 
the total number of all organisms was maintained more or less constant 
during November and December due to the increase in the number of 
organisms other than mayflies. Figure 2 shows that mayflies play 
an even more important role from the standpoint of volume. Over 
the 6-month period from July to December no very consistent change 
occurred in that portion of the volume made up of organisms other 
than mayflies (Table 7). During July and August the volume of may- 
flies was very low or nil. This scarcity was caused by the early-summer 


25 76.87 1.50 
40 78.80 1.43 
33 38.44 0.39 
15 20.78 0.16 
6 11.25 0.05 
8 16.26 0.06 
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Table 7.—Seasonal distribution of bottom organisms in average numbers and 
volumes (cubic centimeters) per square foot at Station I in the Watts Bar Reser- 
voir area of one Tennessee River, 1941. 

{Based on 122 bottom samples (average of 2.9 hauls per sample) taken in deep water with a 
Petersen dredge. T=trace.] 

| Ephemeroptera : Other organisms | Total 
Number | Volume | Number | Volume | Number | Volume 


August 11 
August 29 
September 11 .... 
September 23 ..... 
October 6 


November 5 
November 18 
December 1 


SNACHNAMAG 


emergence of this group. In late August the eggs laid earlier began to 
hatch so that from this time on the volume due to mayflies became 
increasingly important and reached a maximum in October. Corre- 
sponding with the drop in numbers (Fig. 1), the volume was reduced 
by about one half in November.» This level would probably be main- 
tained throughout the winter with some increase in late spring due 
to growth just before emergence. 

It appears that the length of the life cycle of the mayfly, Hexagema 
bilineata (Say), at least in the Tennessee area, is 1 year rather than 
2 years. Needham (1920) concluded that this species has a 2-year 
cycle in the northern reaches of the Mississippi River. Certain other 
species of Hexagenia in the region of the Great Lakes have a 2-year 
life eyele (Lyman, 1940, MS.). If Hezxagenia bilineata had a 2-year 
eycle in Tennessee, specimens should have been present in greater 
numbers during July and August. There should also have been two 
distinct size and age groups present during September; only one 
group was found. The increase in volume and number (Table 7) 
that occurred in late summer and early fall was evidently due entirely 
to hatching of eggs and growth of the young nymphs. 

The rate of growth of Hexagenia nymphs (Fig. 3) was most rapid 
during August and September or immediately following hatching. 
(Growth has been expressed in terms of the number of individuals 
per cubic centimeter, computed from data given in Table 7.) Growth 
was greatest on mud or sandy mud. Since by far the larger number 
and volume of mayfiy nymphs occurred on the mud and sandy mud 
bottom, the growth curve represents essentially the rate of growth 
on these two types of bottom. The average size of an individual nymph 
on the various types of bottom is shown in Table 4. (From this same 
table comparisons may be made of the average size of individuals of 
all other organisms with that of an individual mayfly.) On mud and 
sandy mud the mayfly nymphs averaged much larger than on the 
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VOLUME IN CUBIC CENTIMETERS PER SQUARE FOOT 
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Figure 2.—Seasonal distribution (1941) at Station I, Tennessee River, Watts 
Bar Reservoir area, Tennessee, of all organisms as compared with the Ephemerop- 
tera on the basis of volumes. 
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Fiaur® 3.—Growth rate of Hexagenia bilineata (Say) nymphs averaged from all 

types of bottom as shown by number required to produce a volume of one cubic 

centimeter on various dates between August and December 1941, at Station I, 
Tennessee River, Watts Bar Reservoir area, Tennessee. 
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other two types of bottom. On muddy sand and sand the sizes were 
about equal. 

The average size of organisms other than mayflies was smallest on 
sand, while the other three types of bottom produced individuals 
about twice as large. 


SUMMARY AND CONCLUSIONS 


The most important single component of the bottom fauna was the 
Hexagenia bilineata nymphs which were found to have the greatest 
growth and to be most abundant in the mud or sandy mud bottom of 
the Tennessee River. From the data presented it is concluded that the 
length of the life cycle of this species is one year. The peak volume 
per square foot for all organisms in the deep water (Station I) was 
reached in October; the lowest volume occurred in July and August. 
Mayflies were almost entirely responsible for the volume changes. 
Since Watts Bar Reservoir is of the run-of-the-river type, it may be 
stated almost with certainty that Hezagenia nymphs will not only 
survive impoundment but will reach even a greater production under 
the new and undoubtedly more favorable conditions. 

The Station I (deep-water) habitat was more productive of bottom 
organisms than was the Station II (shallow-water) area, especially 
as to the volume. It is to be expected that most of the members be- 
longing to the Station II fauna will not survive changes incurred 
by impoundment (silting in and lack of current). Since, however, 
most of the original river channel now included by Watts Bar Reser- 
voir was composed of the type of habitat found at Station I, this 
probable loss in fauna will not be critical. Probably the numbers of 
many of the members of the deep-water fauna will increase with im- 
poundment since it would seem that the new conditions: brought 
about by impoundment will, at least, not become more unfavorable 
and it is to be expected that most changes will be for the better. The 
sandy areas of the original river channel which were the least pro- 
ductive will become covered by mud due to silting in and, therefore, 
wiil become more productive. Large shallow areas will be inundated 
which will increase fertility in general. The water level in the reser- 
voir will fluctuate several feet (10 feet maximum). However, the 
fauna at Station I withstood even greater water-level changes in the 
original river and should, therefore, be able to cope with similar con- 
ditions in the reservoir. Later inquiries will demonstrate the extent to 
which the various organisms were able to adjust themselves to the 
new conditions. 
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PERCENTAGES OF SURVIVAL OF BLUEGILLS (LEPOMIS 
MACROCHIRUS) AND LARGEMOUTH BLACK BASS 
(HURO SALMOIDES) WHEN PLANTED IN 
NEW PONDS! 


E. V. Smiru and H. S. 


Alabama Agricultural Experiment Station 
Auburn, Alabama 


ABSTRACT 


In contrast to the low percentage of survival to be expected when blue- 
gills and largemouth black bass are planted in streams and old lakes, high 
percentages are obtained when these fish are planted in new ponds. Survivals 
of 75 to 100 per cent were obtained when bluegill fingerlings alone were 
planted in ponds in which food was plentiful. In bluegill bass combinations, 
survivals of 76 to 85 per cent were obtained for bluegill fingerlings. Per- 
centages of survival for largemouth black bass in bluegill bass combinations 
were 75 for fingerlings and 80 to 90 for advanced fry. Recognition of the 
high survivals of these species forms one of the bases for an intelligent 
stocking program for new ponds. 


INTRODUCTION 


There are three general types of stocking programs in which the 
percentage of survival is of significance. The first type occurs in the 
hatchery where the fry are transferred to nursery or rearing ponds 
and reared to fingerling size before transplanting. The other two are 
concerned with the transplanting of fish from the hatchery to streams 
and lakes and to artificial ponds. For the hatchery, the percentage of 
survival is the percentage of planted fry that survive to fingerling 
size in the rearing pond. Ideally, the percentage of survival in natural 
bodies of water should express the percentage of planted fish that 
grow to legal size, but this figure usually cannot be determined. As 
generally used it expresses the percentage of planted fish that are 
caught, and since wild fish usually are included in the catch, this fig- 
ure is unknown unless a new species is introduced or the planted fish 
are marked. The percentage of survival of fish planted in new arti- 
ficial ponds is the percentage of planted fish that survive to legal size ; 
this percentage has been accurately determined in experimental ponds 
at this Station. 

Many data are available on the percentage of survival of black bass 
in rearing ponds at the hatchery. Davis (1930) reported survivals of 
35 to 40 per cent. Hogan (1933) obtained percentages for largemouth 
bass varying from 49 to 89 in fertilized rearing ponds, and Meehean 
(1939) obtained percentages of 68 to 85. Brown’s (1940) figures for 
smallmouth black bass in fertilized rearing ponds ranged from 12 to 
77 per cent with an average percentage of survival of 50. 


, 1Published with the approval of the Director of the Alabama Agricultural Experiment 
tation. 
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Most of the data on the percentage of survival of fish planted in 
streams and lakes are for trout; few are available for warm-water spe- 
cies. Fry were used in the early days of trout-stream restocking pro- 
grams but the survivals, in terms of improvement in fishing, were so 
low as to be negligible. Fingerlings were used later but the results 
were not always satisfactory. Hayford (1926) reported a survival of 
less than 1 per cent for fingerlings planted in a stream, and Eschmeyer 
(1938) obtained survivals of 5 per cent or less from large plantings 
of fingerlings in several Michigan lakes. Rather high percentages of 
survival have been obtained in recent years when legal trout were 
planted. The practice of planting legal-sized fish, however, is expen- 
sive, highly artificial, and not adaptable to the warm-water species. 
Aldrich (1939) gave some data on the percentage of survival of 
largemouth black bass. He reported an annual catch of approximate- 
ly 12,500 bass from a lake in which 630,000 fingerlings were planted 
over a period of 7 years. If natural reproduction had contributed 
nothing to the catch, the percentage of survival would have been only 
14; since the bass spawned in the lake, there was no way of determin- 
ing accurately the percentage of survival of the bass planted. Meehean 
(1942) has recently studied the populations of a number of Florida 
lakes. He poisoned the entire population of each lake and found a 
total of 12 to 27 largemouth black bass of all sizes per acre. At least 
three times as many bass were planted 3 years perviously as were re- 
covered which fact indicated a low survival of those planted. 

Recent research on pond management has had a profound effect on 
stocking policies, especially with regard to warm-water species. Most 
of the fish produced in hatcheries formerly were planted in streams 
and lakes, whereas in recent years larger and larger percentages are 
being used for stocking new ponds. As a matter of fact, many hatch- 
eries are finding that their capacities are insufficient to meet the de- 
mands for stocking these new areas. Consequently, information as to 


percentages of survival of fingerlings and fry used to stock new ponds 
is of importance. 


EXPERIMENTS ON THE SURVIVAL OF BLUEGILLS AND 
LARGEMOUTH BuacK Bass 


A number of ponds have been used for pond-management experi- 
ments at this Station since 1934. Each pond has been stocked with a 
given number of fish in the spring, given a specific treatment during 
the season, drained, usually in the fall or winter, and all of the fish 
counted and weighed. Thus, a considerable amount of data on the 
survival of fish planted in artificial ponds has been accumulated. 
These data are discussed in the following paragraphs and are sum- 
marized in Table 1. 

A series of small ponds was used in a fertilizer experiment in 1936. 
In order to obtain maximum utilization of the food produced, the 
ponds were stocked at the abnormally high rate of 13,000 bluegill 
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fingerlings per acre. When the ponds were drained in the fall, sur- 
vivals of 76 to 90 per cent were found in the fertilized ponds, but only 
29 and 30 per cent in the unfertilized controls. As the result of heavy 
overstocking, however, none of the fish in this experiment reached 
legal size and high mortalities occurred in the ponds that were not 
fertilized. Some of the fertilized ponds were stocked during 1937 and 
1938 at one-tenth to one-fifth of the 1936 rate. In these experiments, 
survivals of 75 to 95 per cent were obtained and the bluegills grew to 
legal size. Although high survivals were obtained when bluegills were 
stocked alone, the practice of stocking fish ponds with this species only 
cannot be recommended. The bluegills may reach legal size by the 
time they spawn, but, afterwards, competition from young bluegills 
is so great that the adults cannot grow more and actually may lose 
weight. The minimum legal-sized bluegill is not large enough to 
please the sportsman. 

Ponds, with areas between 1 and 2 acres, were stocked with bluegill- 
bass combinations in 1939 and 1940. In 1939, when a fertilized pond 
was stocked with bluegills and largemouth black bass fingerlings, sur- 
vivals of 85.3 and 74.8 per cent, respectively, were obtained. In 1940, 
one fertilized and one unfertilized pond were stocked with bluegill 
fingerlings and largemouth black bass advanced fry. Since the ex- 
pected carrying capacities of fertilized and unfertilized ponds were 
taken into consideration and the ponds were stocked accordingly, com- 
parable percentages of survival were obtained. In addition, somewhat 
higher percentages of survival for the advanced fry were obtained 
than had been obtained for the bass fingerlings. 


APPLICATION TO PoND MANAGEMENT 


The high percentage of survival for fingerlings and fry planted in 
new ponds may be surprising to those acquainted with the generally 
low survival of such fish planted in streams and lakes. The differences 
are easily explained, however, by the differences between the two en- 
vironments. Old, established bodies of water usually contain all the 
fish that they can support. Consequently, small fish planted in such 
waters either find competition so great that most of them are unable 
to grow to legal size or are consumed by larger, predacious fish. New 
ponds, on the other hand, contain few or no fish prior to stocking, and 
fingerlings or fry planted in them find little or no competition and are 
in little danger of being consumed. 

Fish-culturists charged with stocking new ponds must take the per- 
centage of survival of planted fish into consideration if the ponds that 
they stock are to give good fishing within a reasonable period of time. 
If they assume that the percentage of survival in new ponds is low 
as it is in streams and lakes and overstock accordingly, then the fish 
cannot reach legal size and poor fishing results. If, on the other hand, 
they understock the pond with bluegills or bass or both, the pond is 
likely to be out of balance. Swingle and Smith (1942) reported a 
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method of stocking fertilized ponds that takes cognizance of the ex- 
pected survival of planted fish and that gives good fishing within a 
year after stocking. Fifteen hundred bluegill fingerlings and 100 
largemouth black bass fingerlings or advanced fry are planted per 
acre; approximately 80 per cent of the fingerlings and 85 to 90 per 
cent of the advanced fry survive and reach a ecatchable size within a 
year. At this time, adult fish constitute about 80 per cent of the total 
weight of fish in the pond and young fish make up the remainder. 

The greater percentage of survival for bass fry planted in new 
ponds, as compared to that for fingerlings, is explained by the relative 
abundance of food available for each immediately following planting. 
The fry, which are planted in the spring, thrive on microcrustacea and 
aquatic insects for some time and young bluegills are available by the 
time they are large enough to eat them. The fingerlings usually are 
planted in the fall or winter. Although they need fish for an ade- 
quate diet, they must subsist on aquatic insects, tadpoles, and possibly 
some Gambusia until the bluegills spawn the following spring. 

Fish-culturists can, in effect, increase the productivity of bass hatch- 
ries by using advanced fry instead of fingerlings for stocking new 
ponds. Since an average mortality of 50 to 60 per cent is experienced 
in the hatchery in rearing fry to the fingerling stage, the use of fry 
instead of fingerlings would approximately double the number of fish 
available for stocking. 
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PHENOMENAL GROWTH RATES OF LARGEMOUTH 
BLACK BASS IN LOUISIANA WATERS 


Percy Viosca, JR. 
New Orleans, Louisiana 


ABSTRACT 


Reported growth-rate studies show that largemouth black bass grow faster 
in the South than in the North. Southern fish make their fastest growth in 
length during their first year, northern fish during their second year. Fish in 
virgin waters grow faster than fish in more mature waters. A specimen taken 
from a newly dug borrow pit in Louisiana grew at the average rate of 2.5 
ounces per month. 


The rates of growth of various fast-growing individuals reared in captivity 
at the Louisiana fisheries stations as well as some northern records are given. 
The largest increment in a first-year Louisiana fish was 7 ounces per month 


during a 4-month period and in a second-year fish, 8 ounces per month during 
a 7-month period. 


The average annual increase in length of largemouth black bass 
taken at random in Wisconsin waters, as given by Bennett (1937), is 
3.3 inches for the first year, 4.1 inches for the second, and 3.1 inches 
for the third. Thus they reach the legal length of 10 inches sometime 
during the third summer of life. The.most rapidly growing fish re- 
corded by Bennett (1937) for Wisconsin was a specimen from Price 
County which weighed 4 pounds at the beginning of its fifth summer, 
or had an average increment of nearly a pound per year. 

Bennett (1937) also showed that largemouth black bass in Louisiana 
grew faster during their first year (7.6 inches) than those in Wiscon- 
sin (3.3 inches) or Nebraska (3.6 inches). The greatest yearly in- 
crease in the northern fish took place during the second summer, 
whereas in the Louisiana fish it was during the first summer. 

Eschmeyer (1939) has shown that largemouth black bass in the 
virgin waters of the Norris reservoir in Tennessee had an average 
growth of 8.2 inches during their first year and of 5 inches additional 
during their second year. These 2-year-old, 13-inch fish were com- 
parable in size with 5-year-old fish from northern Wisconsin or north- 
ern Michigan, with nearly 4-year-old fish from southern Wisconsin or 
from Nebraska, and with 214-year-old fish from Louisiana. 

The above-mentioned studies indicate that the fish in mature waters, 
even in the far South, grow slowly in comparison with those in newly 
created waters. One largemouth black bass, taken by the writer from 
a 3-year-old borrow pit dug near the edge of a swamp not far from 
New Orleans, Louisiana, reached a length of 19.25 inches and a weight 
of 4 pounds, 12 ounces at the beginning of the third winter, or grew 
at an average rate of nearly 2.5 ounces per month of its existence. 

In recently flocded ponds and abandoned drainage projects in this 
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general area, and in lands flooded by the lower Mississippi River dur- 
ing an unusual rise on that stream, especially in crevasse areas, great 
numbers of 1-pound largemouth black bass make their appearance to- 
wards the end of summer. Although there is no proof that these fish 
are young of the same year, the frequent repetition of the phenome- 
non, combined with other observations, lends support to that belief. It 
would seem, therefore, that the maximum rate of growth for wild fish 
of this species in the far South, in the presence of abundant and easily 
accessible food supplies, would average as much as 3 ounces per month 
during the first 5 months of life. 

In captivity, the rate of growth also varies considerably, and the 
chief governing factor, likewise, is undoubtedly the quantity of suit- 
able food available. The difference in the rate of growth between 
underfed and properly fed fish is often astounding. With inadequate 
food, there may be an actual loss of weight. 

In 1937, before a management program was adopted at the Lacombe 
Station in Louisiana, the young largemouth black bass on May 8 (then 
not less than 2 months old) ranged in weight from 0.001 ounces to 
0.011 ounces. Frequently the larger fish were seen feeding on the 
smaller. The largest individuals measured 1.4 inches, total length. In 
1941, on April 22, a half month earlier in the year, and when the 
young fish were not over 2 months old, the largest individuals weighed 
0.373 ounces and were 3.5 inches long. Thus they had become approxi- 
mately 214 times as long and over 30 times as heavy in the same or a 
shorter interval of time. The ponds in 1941 were not only fertilized 
but were heavily stocked with small minnows. 

In early life, the multiplication in weight may be extremely rapid. 
On March 1, 1941, the largest young individuals, collected from the 
brood pond at Lacombe, averaged 0.0019 ounces each. On April 22, 
the largest individuals averaged 0.373 ounces, and thus had become 
197 times heavier in 53 days. 

Berg (1924) related an incident that occurred at the Trilake State 
Hatchery (Indiana) which indicates the rapid growth of largemouth 
black bass, even in the North, when food is plentiful. A number of fry 
which escaped into a goldfish hatching pond were from 4 to 8 inches 
long 10 weeks later. Davis and Wiebe (1930) reported that numer- 
ous fingerlings at the Fairport (Iowa) Station reached lengths of 4 
to 8 inches and occasionally became longer during the 4-month season. 
The maximum length attained was 11.75 inches. There are other 
published reports of largemouth black bass attaining lengths of from 
7 to 12 inches in less than 6 months. 

My first records on captive fish were made at the Beechwood Station 
(Louisiana) in 1925, where 7- to 9-inch largemouth black bass weigh- 
ing from 5.33 ounces to 12 ounces were produced in 6144 months. The 
length increments averaged from 1.1 to 1.4 inches per month and the 
weight increments from 0.8 ounces to 1.8 ounces per month. The maxi- 
mum record of the year was a bass which attained a weight of 1 pound 
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and a length of 10.75 inches in 7 months from the egg. The average 
monthly length increment for this individual was 1.5 inches and the 
average weight increment was 2.3 ounces. J. C. Forsythe, superin- 
tendent at the same station, in the spring of 1928, reported the spawn- 
ing of largemouth black bass at the age of 1 year. Ordinarily the 
hatchery-reared fish at this station spawned at the age of 2 years. 
One- and 2-year-old largemouth black bass have been known to spawn 
at the Bureau of Fisheries (Fish and Wildlife Service) Station at 
Fairport, Iowa. 

At the former Concordia Station (Louisiana), by January 24, 1929, 
numbers of young fish had reached weights up to 1 pound, 4 ounces 
and lengths up to 13 inches. As the brood fish were placed in this 
pond, a former cotton field, on April 19, 1928, none of these fish could 
have been over 9 months old. The monthly weight increment for 
these large individuals, therefore, averaged about 2.2 ounces or over. 

At both the Lacombe and Beechwood Stations during 1941, in the 
presence of abundant and easily available live natural foods (chiefly 
Gambusia, Mollienesia, Fundulus, suckers, and tadpoles), the fast- 
growing individuals attained weights up to 1 pound in approximately 
5 months from the egg, and up to 2 pounds in approximately 8 months 
from the egg. The maximum from the egg in 11 months, the longest 
period any individuals were kept in the ponds, was 2 pounds, 3 ounces. 
The slowing down at the end may be accounted for in part by the fact 
that this period included the three coldest months of the year, and in 
part by depletion of the food supply. 

In order to compare the growth of yearling bass with that of first- 
summer fingerlings, 5 second-summer fish and 1,000 first-summer fish, 
the individuals in each group of uniform size, were stocked in the 8- 
acre pond at Beechwood on July 18, 1941, after it has been dried out 
for 3 months, fertilized, and then the food supply built up for another 
3 months. The pond was drawn and the fish weighed on February 14, 
1942, a little less than 7 months later. The average gain for the 20 
largest first-year individuals was 29.5 ounces per fish during the peri- 
od. The average monthly increment was 4.3 ounces. The 2 largest in- 
dividuals of this series gained 2 pounds, 2 ounces each, or had a month- 
ly increment of approximately 5 ounces per fish. A larger increment 
occurred in the second-year fish, the 5 individuals of which gained an 
average of 2 pounds, 6 ounces each during the 7-month period, or had 
an average monthly increment of 5.4 ounces. A record growth was 
attained by an individual of this group which gained 3.5 pounds dur- 
ing this period, or made an average monthly gain of 8 ounces. 

At the same station, the largest increment in a first-year fish oc- 
curred in a different pond. A gain of 28 ounces during a 4-month 
period, or of 7 ounces per month, exceeded the average for the second- 
year group and approached the maximum of 8 ounces per month for 
that group. The fish in this pond, however, were removed in the fall 
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while the food crop was still abundant and before any possible effect 
of cold weather could manifest itself. 

Practical applications of the method of culture used, viz., the rear- 
ing of a large food supply in separate ponds, are already producing 
results. G. A. C. Halff, in a pond near Leesville, Texas, caught legal- 
sized (10-inch) largemouth black bass in the spring of 1940, in a 
pond constructed in the summer of 1939 and stocked with fingerlings 
in the fall of 1939. Subsequently, large numbers of 10-inch fish and 
smaller numbers of 11-inch fish were produced from the egg in 1 year. 
Cason J. Calloway of Hamilton, Georgia, who employed a similar ar- 
rangement of ponds, wrote as follows on April 2, 1942: ‘‘Our informa- 
tion show that you can expect, under good conditions, a pound and a 
half per year. For instance, we caught bass weighing 514 pounds out 
of Lake Florence after three years.’’ 
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FURTHER STUDIES ON THE INCREASED GROWTH RATE 
OF THE ROCK BASS AMBLOPLITES RUPESTRIS 
(RAFINESQUE), FOLLOWING THE REDUCTION 

IN DENSITY OF THE POPULATION! 


Wiuuiam C. BECKMAN 


Michigan Department of Conservation, 
Ann Arbor, Michigan 


ABSTRACT 


An increased growth rate, too great to be accounted for by any normal 
growth fluctuation, was shown to have occurred in all age groups of rock bass, 
following the reduction in the population by poisoning the fish of the south 
basin of Booth (formerly called Standard) Lake, Michigan. Additional in- 
formation was obtained in 1941 and 1942 which made it possible to analyze 
the change in growth in weight as well as length. Not only did the length and 
weight increase, but the mean coefficient of condition, K, also increased. Thus 
it appears that reduction in numbers is one solution to the problem of lakes 
with large populations of stunted fish. 


INTRODUCTION 


The effect of reducing the density of the population of rock bass in 
Booth Lake (formerly called Standard Lake), Charlevoix and Otsego 
Counties, Michigan, was reported by Beckman (1940). An increased 
growth rate, too great to be accounted for by any normal growth 
fluctuation, was shown to have occurred in all age groups of the rock 
bass following the reduction in the population by poisoning the fish of 
the south basin of Booth Lake. Additional information has been ob- 
tained on the growth of the rock bass in this lake from collections of 25 
rock bass made on July 20, 1941, and of 37 fish taken on May 24-25, 
1942. The 1941 collection was made by fly fishing while in 1942 four 
experimental gill nets (5 by 125 feet, with five sections of different 
mesh sizes, that varied from 11% to 4 inches stretched measure) were 
used in addition to the fly rod. 


CoNTINUED INCREASED GrowTH RATE 


The age of each fish was determined by counting the number of an- 
nuli on the scale. Measurements and growth calculations were made 
by the methods described in the earlier report. 

At the time of the poisoning there were five legal-sized (6-inch) rock 
bass in the 1,233 rock bass recovered. Since the poisoning, 289 rock 
bass have been taken of which 20 were legal-size. Reports received 
from fishermen indicate that the lake is regaining some of its former 
popularity as a fishing lake. 


1Contribution from the Michigan Institute for Fisheries Research. 
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The average calculated annual increments of length for each of sev- 
eral year classes of males and females according to year of life, and 
average calculated increments for all year classes combined before and 
after the poisoning, are presented in Tables 1 and 2. A decided in- 
erease in growth occurred after the reduction in numbers, and the 
increased growth rate has been maintained rather well for the 4 years 
following the poisoning. The males have a slight advantage over the 
females in growth, and this advantage has been somewhat more evi- 
dent following the poisoning. The grand average calculated lengths, 
based upon the successive addition of the weighted average growth in- 
erements, are shown in Figure 1 and Table 3. There was very little 
difference between the lengths at the end of the first year of life before 
and after the reduction in the density of the population. This may be 
due to the nature of the feeding habits of the young of the year and 
older age groups. The young of the year are mainly plankton feeders, 
and the plankton in the lake probably was sufficiently abundant to pro- 
vide a normal food supply to all these fish. However, the food supply 
for the older fish probably was not sufficient with the result that stunt- 
ing was prevalent before the poisoning. Following the poisoning the 
food available was adequate to supply the remaining fish enough food 
to permit improved growth. In fact, the growth after 1937 was found 
to be better than average when compared with the tentative state aver- 
age (unpublished data). 
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YEAR OF LIFE 


Figure 1—Growth of rock bass in Booth Lake, before (broken lines) and after 

(solid lines) reduction in the density of the population. Growth curves (upper 

curves) based upon successive addition of the grand average calculated increments 
in length (lower curves). 
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Table 3—Grand average calculated lengths based on the successive addition of 
average calculated increments before and after poisoning 


Before | After 
poisoning poisoning 
Year of life | Female | Male | Female 


GrowTH IN WEIGHT 


No attempt was made to analyze the growth in weight in the earlier 
report. The length-weight relationship has been determined for the 
materials collected after the reduction in numbers. Equations were 
calculated originally for the sexes separately, but the differences be- 
tween them were so small that a combination of the data was consid- 
ered justifiable. The equation for the:combined data is: 

W = 32507 x 
where W = weight in grams, 
and L = standard length in millimeters. 
In logarithmic form the equation may be stated : 
log W = —4.4440438 + 3.025 log L. 

From this equation the weights corresponding to the lengths at the 
end of each year of life for growth after the reduction in population 
density were calculated and are given in Table 4 and Figure 2. 

No individual weights were taken at the time of the poisoning. A 
collection of 13 fish (range of standard length—79 to 99 millimeters) 
was made in August, 1937, just a month prior to the poisoning. The 
average coefficient of condition, K, for these fish, which were weighed 
individually, was determined as 3.07—a value much lower than that 
of 4.10 for rock bass after the poisoning. The difference in condition 
in the two periods is evident when a comparison is made of the esti- 
mated weights for the rock bass of the same length before and after 
poisoning. A 50-millimeter fish, before the poisoning, would have 
weighed 4 grams, while after the poisoning fish of the same length 
would have weighed 5 grams, and the corresponding weights for a fish 
75 millimeters long are 13 grams and:17 grams respectively. Because 
of the evidence for a pronounced improvement in the condition follow- 
ing the reduction in density of the population, it was considered ad- 
visable to base estimates of the growth in weight before poisoning on 
the coefficient of condition of fish taken at that time (though based on 
relatively few individuals) rather than on the length-weight equation 
determined from fish taken after the poisoning. 

Of course, the use of an average coefficient of condition for the com- 
putation of unknown weights from known lengths is valid only if the 
length-weight relationship conforms rather closely to the ‘‘cube law,”’ 
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Figure 2.—Caleulated weight of rock bass from Booth Lake at end of each year of 
life before (broken lines) and after (solid lines) reduction in numbers. 


that is, if the exponent in the length-weight equation deviates only 
slightly from the value 3. There is considerable evidence that in gen- 
eral the weight of the rock bass tends to increase approximately as the 
eube of the length. The value of the exponent for Booth Lake fish 
(after poisoning) was given above as 3.025. In the length-weight 
equation derived by Hile (1941) for the Nebish Lake (Wisconsin) 
rock bass, the exponent was 3.003. Finally, the value in the equation 
for combined samples of rock bass from different localities throughout 
the state of Michigan (Beckman, MS) was 2.969. These values are 
all sufficiently close to 3 to suggest that no great systematic error was 
involved in the use of the mean K for the estimation of the growth in 
weight before the population density was reduced. 

Thus the reduction in the density of the rock bass population was 
followed by increases in the rate of growth in length and weight, and 
in the coefficient of condition. 

One additional factor has now entered into the problem. In 1937, 
after the poisoning, a planting of 25 adult smallmouth black bass 
(Micropterus d. dolomieu) was made, and in 1938 fingerlings were 
planted as follows : 200 largemouth black bass (Huro salmoides) ; 5,000 
bluegills (Lepomis m. macrochirus) ; and 1,500 perch (Perca flaves- 
cens). None of the bluegills have been recovered to date. As perch? 


2An insufficient number of perch has been taken since the poisoning to determine whether 
or not any change in growth rate has occurred in this species. 
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were already present in the lake, it is not known whether or not the 
planting was successful. The plantings of black bass were successful. 
These fish have reproduced in the lake. The black bass may now have 
become sufficiently numerous to be an important predator of the rock 
bass as well as a competitor for food. It is possible that the black bass 
will keep the numbers of rock bass reduced, and that the rock bass, 
through predation on young black bass, will in turn control the num. 
bers of those fish. If this situation obtains both species should main. 
tain normal. growth. Observations will be made on the lake in the 
future to ascertain what changes may occur. 


SUMMARY 


1. The fish population of the south basin of Booth Lake (formerly 
Standard Lake), Michigan, was destroyed by poison in 1937 to deter- 
mine the effect of reduction in density of the population on the growth 
rate. 


2. In 1940, a report was presented on the increased length of the 
rock bass. Additional collections have been made and further analysis 
of the data are presented. 


3. The increased rate of growth in length has been maintained 
rather well. 


4. Growth in weight also increased sharply following the reduction 
in population density. Furthermore, the mean coefficient of condi- 
tion, K, was much greater (4.10) after than before the poisoning 
(3.07). 

5. The reduction in the density of the population therefore appears 


to be one solution to the problem of improving fishing in the lakes over- 
run with stunted fish. 
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TAXONOMY AND HABITS OF THE CHARRS, SALVELINUS 
MALMA AND SALVELINUS ALPINUS, OF THE 
KARLUK DRAINAGE SYSTEM 


ALLAN C. DeLacy anp W. MarkHam Morton 


U. 8. Department of the Interior, Fish and Wildlife Service, 
Seatile, Washington 


ABSTRACT 


In the course of a study of the importance of charrs as predators on the red 
salmon of the Karluk watershed on Kodiak Island, Alaska, during the sum- 
mers of 1939 to 1941, it became apparent that two distinct species of charrs 
were present. Results of tagging experiments, of stomach examinations of 
thousands of charrs, and of the analysis of comprehehsive morphometric and 
meristic data made it easy to separate the dolly varden charrs from the red 
lake or alpine charrs at Karluk. These species have often been confused with 
each other, and may show intergradation in other parts of the world. At 
Karluk, however, the dolly varden charr, Salvelinus malma (Walbaum), is 
typically anadromous, spawns in streams, and has fewer than 20 gill rakers 
and fewer than 35 pyloric caeca. The red lake or alpine charr, Salvelinus 
alpinus (Linnaeus), of the same region is not anadromous, spawns in the lake, 
and has more than 20 gill rakers and more than 35 pyloric caeca. 


INTRODUCTION 


The large runs of red salmon to the Karluk River in the 1880’s were 
responsible for the development of an intensive fishery which has since 
maintained considerable importance, although the abundance of the 
red salmon has suffered a marked decline through the years. In 1921 
the Karluk red salmon became the object of a federal investigation 
which has been continued to date. Mr. J. T. Barnaby, in charge of the 
investigation from 1930 to 1938, became interested in the predatory 
relationship existing between charrs and red salmon and initiated a 
series of observations on the Karluk charrs, including tagging experi- 
ments and the analysis of stomach contents. Since 1938 the authors 
have collected many additional data on these and other phases of the 
problem. The purpose of the present paper is to present the informa- 
tion that has been obtained concerning the taxonomic relationships of 
the two Karluk charrs, Salvelinus malma and Salvelinus alpinus. 

The Karluk watershed is located in the western part of Kodiak Is- 
land, Alaska, at approximately 154° W. Long. and between 57° and 
58° N. Lat. There are three lakes in the drainage system. The two 
smaller ones, Thumb Lake and O’Malley Lake, drain into the third, 
Karluk Lake, which is by far the largest of the group. Karluk Lake, 
which lies about 350 feet above sea level, is 12 miles long and has an 
average width of slightly more than one mile. The maximum depth is 
413 feet, and the lake is characterized by a very limited littoral area. 
The lake normally freezes over during the winter. In summer the 
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maximum surface temperature rarely exceeds 15° C. and usually varies 
between 10° and 12°C. The physical features of Karluk Lake were 
fully described by Juday, Rich, Kemmerer, and Mann (1932). The 
lake is drained by Karluk River which is approximately 30 miles long 
and enters Shelikof Strait near Karluk Head. 


TAXONOMY OF THE CHARRS 


The terms salmon, trout, and charr were first used in England. 
Today in America we commonly speak of salmon and trout, but the 
word charr has never come into common usage. The authors believe 
that its use should be encouraged. Regarding the spelling and origin 
of the term, Webster’s New International Dictionary says: ‘‘Char, 
n; pl. char(collective) or chars. Also charr (Gaelic ceara lit., red, 
blood-colored ; French cear, blood, from its red belly).’’ Charr is a 
distinctive name for the genus Salvelinus, and if brought into general 
usage it would afford a measure of relief to the much over-burdened 
term of ‘‘trout.’’ 

Although charrs are {ittle known by that name in this hemisphere, 
they are common, and one of them, usually termed the eastern brook 
or speckled ‘‘trout,’’ Salvelinus fontinalis (Mitchill), is among the 
best-known sport fishes in America. Other charrs, less widely dis- 
tributed than the eastern brook trout, are also highly prized by fisher- 
men. As game fish the charrs enjoy a varying yet usually excellent 
reputation, depending somewhat upon the type of habitat in which 
they are found. The dolly varden charr, Salvelinus malma (Wal- 
baum), which is widely distributed about the rim of the North Pacific 
Ocean, is highly regarded as a game fish by some, although by others it 
is held in disrepute, probably as a result of its habits as a scavenger. 

According to Jordan and Evermann (1896) charrs were placed in 
the genus Salmo by Linnaeus (1758) in his Systema Naturae. Later 
Nilsson (1832) used the term Salvelini as a group name for the charrs, 
and in 1836 Richardson initiated the use of Salvelinus as a full generic 
term and characterized the genus. For many years Salmo was re- 
tained by some authors as inclusive of the charrs. Although gradual 
acceptance of the new genus has occurred, its adoption has been some- 
what more rapid in America than in Europe. This relatively simple 
history of the establishment of the genus is in marked contrast to the 
controversy that has developed in regard to the interrelationships of 
the charrs themselves. 

The first species of charr to be described by Linnaeus (1758) is the 
form now known as Salvelinus alpinus. In subsequent years a few 
charrs quite unlike the genotype have been found, but they have been 
considerably outnumbered by the discoveries, throughout the northern 
hemisphere, of forms closely related to the original S. alpinus. Many 
well-known taxonomists have either affirmed or denied that these forms 
are specifically distinct. A few of those who favor the division of the 
alpinoid charrs into numerous species include: Giinther (1866), Jor- 
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dan and Evermann (1905), Regan (1911, 1914), Kendall (1914), Jor- 
dan, Evermann and Clark (1930), and Pratt (1935). Recent propo- 
nents of this concept number the distinct species of American charrs 
at eleven and list one American subspecies, Salvelinus malma specta- 
bilis, (Jordan, Evermann and Clark, 1930). 

A partial list of those who have recognized or favored the recog- 
nition of various subspecies within the S. alpinus series includes: Yar- 
rell (1836), Seeley (1886), Jordan and Evermann (1896 although 
their opinion was later changed), Bajkov (1927), Surovov (1929), 
Berg (1932), Dymond (1932), Popov (1933), and Schrenkeisen 
(1938). Opinion among this group of workers has usually favored the 
recognition of three or four polymorphic species as constituting the 
genus Salvelinus. Bajkov, Surovov, Dymond, and Popov have gone 
further than some and have suggested that S. malma is a subspecies of 
S. alpinus. 

After examining large numbers of dolly varden charrs, as well as 
equally large numbers of an alpinoid representative, both of which oc- 
eur in Karluk Lake, Alaska, the present authors feel that the specific 
differences between the two forms cannot be questioned; supporting 
data will be given in the later sections. The name Salvelinus malma 
(Walbaum) should, therefore, be retained as the name of the dolly 
varden or Pacific charr. Because of the great variability within the 
various species of charrs, and because adequate samples of dolly var- 
den charrs from the southern part of their range are not at present 
available to us, the authors offer no comment on the validity of the sub- 
species 8S. malma spectabilis. The name Salvelinus alpinus (Linnaeus) 
is adopted provisionally for the Karluk representative of the alpinoid 
series of charrs. The assignment of this fish to a new or already known 
subspecies must await a thorough study of the relationships of all the 
members within the series. The junior author has begun the collection 
of data for such a study. 


COLLECTION AND PRESENTATION OF DATA 


The specimens of S. malma and S. alpinus used in the preparation 
of this report were collected from Karluk Lake and its affluents from 
June to September inclusive in 1939, 1940, and 1941. Most of the 
specimens were measured and studied as fresh material in the field, 
although some of the data were taken from preserved specimens. The 
smaller fish in particular were difficult to measure unless first hard- 
ened in formalin. Upon final compilation of the data accumulated in 
the field it was found desirable to augment with measurements from 
preserved specimens the inadequate data in a few of the size groups. 
As nearly as possible in each size group equal numbers of males and 
females were selected for measurement and examination. The morpho- 
metric data derived from these charrs are presented in Table 1 and 
the meristic data in Table 2. 
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Table 1—Means and standard errors of the means of body measurements of (m 


Character "N | Mean | S.E.| N | Mean | S.E.| N | Mean | SE 


‘lotai length 3.02 | 21 | 102.1 | 3.08 | 13 | 155.4 
2.28 99.2 5.31 154.6 
Standard length J 2.87 = 7 | 3.47 147.9 
. 2.09 4.20 152.0 
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Size groups are based on standard 


Size g oups in millimeters 


151-200 | 201-250 | 251-300 | 301-350 | 351-400 
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ssivelinus malma and (a) Salvelinus alpinus. 
length. 
ean | SE. 
4.6 | 5.1 
| 16 | 219.4 | 5.03 ; 13 | 283.8 | 5.49 ; 19 | 353.6 | 4.80 ; 20 | 419.0 | 5.75 | 14 | 483.3 | 5.96 
17.9 | 408m 19 | 218.9 | 4.38 | 17 | 284.7 | 4.03 | 17 | 356.5 | 5.07 | 20 | 426.0 | 5.10 | 13 | 491.2 | 5.99 
2.0 | 46 
‘His | 209.4 | 4.50 | 13 | 267.0 | 4.69 | 19 | 331.6 | 3.76 | 20 | 391.0 | 4.99 14 | 446.9 | 5.18 
13.5 | 334819 | 209.0 | 3.72 | 17 | 270.7 | 4.24 | 17 | 335.6 | 4.66 | 20 | 396.8 | 4.36 | 13 | 457.7 | 5.05 
| 3.83 
16 | 176.4 | 3.93 | 13 | 224.4 | 4.24 | 19 | 279.3 | 3.05 | 20 | 326.0 | 3.80 | 14 | 371.1 | 3.05 
4.4 | 0.79819 | 172.7 | 3.14 | 17 | 224.6 | 3.47 | 17 | 276.7 | 3.98 | 20 | 324.2 | 3.42 | 13 | 375.0 | 3.55 
27.6 | 0.8 
16| 32.9 | 0.76 | 13 42.6 | 0.75 | 19 52.4 | 0.94 | 20 65.0 | 1.85 | 14 75.9 | 2.73 
33.9 | 12819 | 36.2 | 0.74 | 17 46.1 | 1.01 | 17 58.9 | 1.14 | 20 72.6 | 1.30 | 13 82.6 | 1.75 
38.5 | 0.9 
13 45.2 | 1.65 11 §1.3 | 2. a 86.8 | 4.43 9 101.5 | 3.93 
10.0 | 0.3@ 10 48.9 | 1.33 5 62.9 | 3. 7 98.5 | 2.21 7 113.1 | 4.47 
10.2 | 0.3 
16] 1 0.37 | 13 13.2 | 0. 20 30.4 | 0.63 | 13 36.2 | 0.78 
5.9 | 01@19| 1 0.37 | 17 19.9 | 0. 20 32.9 | 0.54 | 13 39.2 | 1.17 
7.2 | 01 
10 20 10.5 | 0.15 | 13 | 11.2 | 0.13 
16.1 | 0.48 15 19 12.6 | 0.18 | 12 13.4 | 0.45 
17.0 | 0.7 | 
15 10 43.9 | 1.33 5 | 50.4 | 1.08 
26.0 | 0.8m 10 | 12 51.1 | 1.44 4 | 59.7 | 3.33 
26.1 | 08 
16 20 71.4 | 1.40 | 14 78.9 | 1.71 
27.5 | 0.9m 19 20 78.8 | 1.60 | 13 | 89.5 | 1.66 
26.1 | 0.8 
16 20 | 81.4 | 1.74 | 14 | 88.9 | 2.22 
12.3 | 0.49 19 20 77.5 | 2.23 13 85.8 | 2.11 
11.5 | 0: 
16 | 20 33.8 | 0.65 | 14 38.5 | 0.77 
17.0 | 0.9% 19 20 30.8 .48 1 33.8 | 0.63 
19.0 | 03 
16 | 20 49.8 | 123 | 14]! 61.0 | 1.92 
22.1 19 20 62.0 | 1.77 | 13 | 69.8 | 1.23 
25.7 | 0.6 
16 20 60.4 | 123 |14| 743 | 1.87 
Sy : 19 20 82.6 | 2.15 ait 91.5 | 2.09 
18.5 | 05 
16 20 47.7 | 0.88 | 14 {| 55.7 | 1.66 
17.9 " 18 20 50.7 | 1.26 | 13 58.2 | 1.67 
16.5 | 0.6 
16 5 | 20 47.8 | 1.05 | 14 54.6 | 0.91 
a1 - 19 20 45.4 | 0.83 | 13 50.1 | 1.37 
42. 
16 20 | 107.4 | 1.49 | 14 | 122.1 | 1.27 
18 20 | 115.2 | 1.61 113 | 133.6 | 1.77 
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For the presentation of the morphometric data of Table 1 the fish 
were grouped by 5-centimeter intervals of standard body length 
(standard length minus occipital head length). In each size group the 
number of specimens measured, the mean value and the standard error 
of the mean are given in millimeters. It is believed by the authors that 
this manner of presentation is distinctly advantageous, since much 
work remains unfinished concerning the relationship of the species 
within the genus Salvelinus, and the data of Table 1 should prove to be 
of more value to future workers than would the presentation of only 
the more commonly used ratios. Since the characters presented here 
vary with size, the relationship between standard body length, for 
example, and any character measurement will have to be more thor- 
oughly examined before these data can be combined into body mea- 
surement ratios. The validity or usefulness of such ratios will not be 
considered at this time. Although other measurements were made, 
only those most suitable to our present purpose are presented in Table 
1. 

The meristic data for both species involved in this discussion are 
presented in Table 2. In counting the gill rakers, the raker in the 
angle was counted with those on the upper arch. In the up-turned 
posterior end of the vertebral column the fused vertebrae were counted 
as one. The pyloric caeca were hardened in formalin before counting. 
Because scale counts show such variability and are so difficult to make 
in both S. malma and S. alpinus, the utility of these counts is con- 
sidered to be much less than that of the gill-raker or pyloric-caeca 
counts. 

Six of the measurements used in Table 1 are projected lengths; that 
is, the fish were laid on a measuring board and points mentioned below 


Table 2.—Means and standard errors of meristic characters of Salvelinus malma 
and Salvelinus alpinus 


S. alpinus 
| Mean | 


Character | 


Gill Rakers: 


Pyloric caeca 
Scales: 
Along lateral line 
Above lateral line. 
Below lateral line 
Dorsal fin rays. 
Anal fin rays. 


Branchiostegals 


S. malma | 
Upper arch. ................ 62 7.8 | 0.13 70 | 9.8 0.08 
Lower arch ................ 62 10.3 0.11 70 | 13.5 0.10 
62 18.1 os | 23.4 0.13 
Vertebrae: | 
Abdominal .................. 37 36.6 | 0.16 | 58 39.4 0.15 
| ORS 37 25.7 | 0.19 53 25.2 0.13 
37 62.3 0.17 53 64.7 0.17 
‘cide 84 28.8 0.43 | 60 | 45.6 1.02 
| 
[eae 13 243.0 3.05 15 217.3 3.20 
ae 15 42.0 0.72 15 34.0 0.95 
Bead 15 42.1 0.72 15 35.7 0.95 
ere 64 10.5 0.09 57 10.0 0.07 
socal 63 | 9.0 0.07 57 9.0 0.06 
PE ee 57 113 | 0.30 37 11.3 0.38 
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were measured off on a steel tape fastened to the board in such a man- 
ner that its zero mark was even with the face of a small block of wood 
against which the snout of the fish was pressed. These are as follows: 


Character Definition 
Total length _._______. Tip of snout to posterior end of middle rays of caudal 
fin 


Standard length _____Tip of snout to end of scales on tail. 

Standard body length___Occipital point to end of scales on tail. 
Occipital head length___.Tip of snout to occipital point. 

Opercular head length___Tip of snout to posterior margin of operculum. 
Dorsal fin position Occipital point to anterior insertion of the fin. 


All other measurements were made with the dividers. The eye diam- 
eter was recorded as the average of the perpendicular and horizontal 
diameters. Special mention should be made of the point designated 
in this paper by the term ‘‘occipital point,’’ which is the point of 
cleavage of the operculum from the dorsal region of the head. This 
point proved to be of particular value as a fixed external position by 
which the head and trunk may be conveniently separated. Use of the 
occipital position was suggested to us by Dr. F. A. Davidson. 


VaARDEN CHarR, Salvelinus malma (Walbaum) 


In addition to the common name of ‘‘dolly varden,’’ Salvelinus 
malma (Walbaum) is occasionally referred to in America as the Pa- 
cific charr, western charr, western brook trout, Alaskan bull trout, sea 
trout, or salmon trout, and in Asia as the malma trout or goletz. The 
species ranges from northern California northward to both the Ameri- 
ean and Asiatic shores of the Arctic Ocean, and southward along the 
Asiatic coast to Japan and Korea. The dolly varden charr is typically 
anadromous although populations landlocked by impassible falls are 
of common occurrence, and in the southernmost portions of its range it 
does not migrate to and from the ocean even in streams unobstructed 
by natural or artificial falls and dams. 

The total length of the adult dolly varden charrs most frequently 
encountered in the Karluk watershed was between 35 and 45 centi- 
meters. Specimens over 60 centimeters long were rare. The longest 
Karluk specimen on record measured 72 centimeters. This fish was 
captured in fresh water while on its way to the sea. The heaviest fish 
encountered by us was caught in salt water near the mouth of the Kar- 
luk River and weighed 51%4 pounds although it was but 62 centimeters 
long. 

The coloration of the species varies widely from season to season and 
according to sex and the degree of maturity. During the spring down- 
stream migration, when the dolly varden charrs are thin and in rather 
poor condition, they are pale pea-green above, with many lighter, 
round dots, usually smaller than the pupil, on both back and sides, and 
are white beneath. The lower fins are white or pale gray. As ob- 
served at the mouth of the Karluk River upon their return from the 
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sea in late summer, these dolly vardens are plump, and much darker 
green above with the lighter markings showing more sharply. Matur. 
ing fish often show pale red dots on the sides, and the lower fins are 
. relatively dark, or in some specimens have acquired a reddish tinge. 
The bellies of some change from white to orange. Fully mature speci- 
mens taken in the fall from affluents of Karluk Lake are dark green 
or blackish above, sharply scrawled or speckled with lighter markings, 
and with the sides showing many red dots smaller than the pupil; the 
color of the bellies ranges from yellow to red, and all the lower fins 
become red-tipped. The ventral and anal fins are margined anteriorly 
with white, but the pectoral and the lower rays of the caudal very sel- 
dom if ever exhibit this condition. 

Perhaps the most conspicuous feature in the life history of the dolly 
varden is its habit of migrating regularly to and from salt water. At 
Karluk the seaward movement occurs in the latter part of May and in 
early June. Although the majority of the population participates in 
the migration, it is known that some dolly vardens remain behind, be- 
cause adult representatives of the species are present in the Karluk 
system during late June and early July, at a period when no charrs 
are moving either up or down the river. The return migration from 
salt water to fresh water takes place from mid-July until September 
after an average residence in the ocean of approximately 60 days, as 
determined by tagging experiments (DeLacy, 1941). It is not known 
yet whether some of the charrs stay in the ocean for a year or more 
before returning to fresh water. 

During their residence in fresh water adult dolly varden charrs 
frequent both the lakes and the streams of the Karluk watershed, con- 
centrating in one habitat or the other at various seasons of the year. 
In April and May, 1940, for instance, relatively few adult dolly var- 
dens were encountered in the tributaries of Karluk Lake, although 
large schools were present in both Thumb and Karluk Lakes. The re- 
verse of this condition prevails in late summer and fall. The larger 
streams of the Karluk drainage system have been found to be the prin- 
pical habitat of juvenile dolly vardens whose total lengths range from 
2 to 15 centimeters. Specimens in this size range have seldom been 
encountered in Karluk Lake. 

The spawning of the dolly varden has not been observed at Karluk. 
However, from the examinations of gonads and from knowledge of 
the habits of the species in other localities it seems likely that spawn- 
ing begins in the late fall and continues on into the winter months. 
The dolly varden is known as a stream spawner, and that it exhibits 
this habit at Karluk is indicated by the presence of newly-hatched fry 
in the streams in the early summer, as well as by the obvious concen- 
tration of maturing adults in the larger streams in early fall. Unpub- 
lished data on the chronology of sexual development show that not all 
individuals spawn each year. 

The feeding habits of the dolly varden charr in fresh water vary 
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markedly from season to season. In the spring, prior to the time of 
their seaward migration, dolly vardens feed mainly on larval and adult 
insects, snails, and leeches. Stomach examinations made from fish 
caught in Karluk River during both the upstream and the downstream 
migration showed fewer than 20 per cent of the fish had been recently 
feeding. In the fall, when once again in fresh water, dolly vardens 
feed most commonly on salmon eggs, with insects next in importance 
in their diet. Forty per cent of the stomachs examined in the fall 
were empty. The position of the dolly varden as a salmon predator is 
beyond the scope of the present paper but will be dealt with in a sub- 
sequent publication. It may be said here, however, that as judged by 
studies made at Karluk, the seriousness of the dolly varden as a salmon 
predator has often been overstated. 

A brief characterization of Salvelinus malma based on the Karluk 
specimens and arranged to facilitate the recognition of some of the 
differences between S: malma and S. alpinus will be found in the last 
section of this paper. 


Rep LAKE or ALPINE CuHarR, Salvelinus alpinus (Linnaeus) 


Of the many common names that have been given to the various 
alpinoid charrs, the name ‘‘red lake charr’’ seems best suited to the 
Karluk representative of the series. . Although ‘‘dolly varden’’ has 
been and still is often used to include both S. malma and 8. alpinus, 
its use should be strictly limited to the former species. Some other 
common names for S. alpinus are Arctic charr, European charr, red 
trout, Canadian red-bellied trout, and lake trout. 

The alpinoid charrs have a circumpolar distribution. The species 
characteristically inhabits cold water; in the southernmost part of its 
range it is known only as a landlocked form occurring in high lakes. 
Some of the most northern representatives of the series are said to 
be anadromous, but the southern limit at which migratory populations 
occur is much farther north than the corresponding limit for the dolly 
varden. Observations, together with the results of tagging experi- 
ments (DeLacy, 1941) have shown that the Karluk alpinoid is non- 
migratory. Only on rare occasions is it encountered in the river be- 
low Karluk Lake, and specimens are seen in salt water still less fre- 
quently. 

The average total length of red lake charrs, as represented by beach- 
seine catches, usually ranges between 35 and 45 centimeters. Of hun- 
dreds of specimens measured since 1937, the largest was 55 centi- 
meters long and weighed 3 pounds, 3 ounces. 

There is some seasonal variation in the color of the red lake charr, 
although this variation is less than was noted in 8. malma. The Kar- 
luk alpinoid is commonly olive-tan above with each imbedded scale 
often showing a golden-yellow glint. Very few of the older fish show 
any spots on the back, although in younger ones the back is sometimes 
marked with scattered, round, light dots. The sides blend from olive- 
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tan dorsally to golden-yellow or orange ventrally and usually show a 
bright pink or red wash with irregularly placed round and bright rosy- 
pink dots, many of which are at least as large as the pupil. The belly 
is seldom white in adult fish, but is usually yellow or orange or even 
deep red. The lower fins are brightly colored and ornately elongate in 
mature fish, with the first ray of each being white. Pectorals and ven- 
trals are blue-gray proximally and bright vermillion distally in mature 
fish. The caudal fin in adults is also bordered distally with red. In 
immature fish the lower fins are dull and not margined with white, nor 
are they elongate. 

Salvelinus alpinus, as known at Karluk, is essentially a lake inhabi- 
tant throughout its life. Half-grown specimens and a very few full- 
grown ones are found from time to time a short distance up some of 
the lake’s tributaries, yet the number of fish encountered in the streams 
is an insignificant proportion of the total population. Within the lake 
itself, these lake charrs are widely dispersed. Good catches may be 
made by gill net in water as deep as 200 feet, and one lake charr 20 
centimeters long was taken in a net at a depth of 300 feet. The small- 
est lake charr (43 millimeters) yet seen from the Karluk system was 
taken from the lake. Careful examination of the tributaries of the 
lake has left little doubt that the majority of the lake charrs spend 
their entire lives in the lake itself. 

Although a female with mature pale yellow ova was taken from Kar- 
luk Lake in the fall of 1939, the actual spawning of the lake charr has 
not been observed by us as yet. Spawning undoubtedly occurs during 
the late fall or early winter and probably takes place in the lake if the 
habits of other charrs in the alpinoid series are possessed by the Karluk 
representative. The total absence of young lake charrs in the lake’s 
tributaries during the early summer gives a further indication that 
spawning does not take place in the streams. 

Until late June, insects are the most common food eaten by these 
charrs. As soon as the red salmon begin to spawn in the tributaries of 
the lake in late June or early July, schools of lake charr may be found 
congregated about the mouth of each stream. At this time of the year 
they eat not only the salmon eggs that drift downstream into the lake, 
but also other food material dislodged in the streams by the spawning 
salmon. Later in the season as the disintegrating carcasses of the dead, 
spawned-out salmon accumulate in the lake, fragments of this flesh 
become the most common item in the diet of the lake charr. Fish 
caught in shallow portions of the lake feed quite heavily on stickle- 
backs during certain seasons. Cottids, salmon fingerlings, and young 
charrs are found occasionally in their stomachs. During September, 


insect material again resumes its earlier position as an important 
source of food. 


A Comparison oF Salvelinus malma anv Salvelinus alpinus 
A brief characterization of S. malma and S. alpinus based upon the 
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morphometric and meristic data collected from Karluk specimens, and 
arranged to facilitate the recognition of some of the differences be- 
tween the two species, is presented in this section. The morphometric 
ratios presented in Table 3 were derived from Table 1 to bring out 
some of the more marked differences between the species and to give 


some indication of how such ratios vary with the size of specimens 
examined. 


Table 3.—Body ratios of S. malma (m) and 8. alpinus (a) by size groups 
Upper limit of size | | | 


group in 
centimeters (StBL) 
StBL/HLop 


StBL/HLoc 
HLop/Pd 
HLoc/Pd 


HLoc/Eye 


He Ne WH 

om RO OD NN 

wo wy N& 
nim RO WH NO 


| 


As suggested in a previous section of this paper, it is not considered 
necessary at this time to discuss the usefulness of body ratios in order 
to fulfill the purpose of this paper, which is to present the differences 
found in the two Karluk charrs. However, due to the axial gradient 
in the development of the body of fishes, 7.e., the greatest growth taking 
place nearest the head, the ratio of any character over the standard 
length or standard body length is not constant because of the variabil- 
ity of both the head and trunk with size, age, and degree of maturity. 
It is therefore preferable to indicate some morphometric differences 
between these two species which can be readily observed from the data 


in Table 1. These characters may be summarized as follows: (Char- 
acters are for fish in same size groups.) 


Character 8S. malma 


(a) All head measurements 
including the eye Smaller 


S. alpinus 


Larger 
(b) Body depths of mature 
fish (over 25cm. StBL) Deeper at ventral fin Deeper at pectoral fin 
(c) Body depths of younger 
fish Ventral fin depth greater Ventral and pectoral fin 
than at pectoral fin depths about equal 


(d) Caudal peduncle depth.. Larger Smaller 


(e) a fin length 


Base about equal to the Length greater than the base 
length 


(f) Shorter * Longer 


) 
(a) | 
— 
(a) 
(a) 
(a) 
(a) 
Pd/Eye _..............(m) 
(a) 
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Character S. malma S. alpinus 


JoRD 


Summary of meristic data from Table 2: 
(a) Number of gill rakers.... 


Upper arch .....ccccccocee predominantly 8 predominantly 10 
range 5-11 range 7-12 


Lower arch. predominantly 10 predominantly 13 
range . 8-12 range 12-15 


JOR! 
predominantly 


range 


predominantly 
range 


Number of vertebrae: 


.. predominantly 37 predominantly 39 


range range Jul 


predominantly 
range 


predominantly 
range 


KE 


predominantly 
range 


predominantly 
range 


Number of pyloric caeca 


predominantly 30 predominantly 
range 21-39 range 30-64 Po 
(d) Number of oblique scale 

rows intersecting the 

6 eee predominantly 240 predominantly 220 


range 218-254 range 195-236 PR 


Other features observed but not presented in either Table 1, 2 or 3: 


Snout development ...... Elongate in mature males 


No such elongation and very 


with large hook and slight hook if present RI 
groove 
(b) General basic color ...... Green or black Brown or red 
(c) Red dots on sides .......... Numerous (50+) and small Less numerous (50—) and 
(less than diam. of pupil) large — about diam. of 
pupil) 
Anadromous; stream spawn- Not anadromous; lake Si 
ers spawners 
(e) Color Of C888 ........cccceree Orange Pale yellow 
(f) Swim bladder ................ Transparent, thin-walled Opaque, pinkish and tough 
(g) Usual physical condi- Sparsely parasitized; dark Heavily parasitized; pale 8 
tion encountered .......... maroon-colored liver; very brownish - colored liver; 


energetic rather sluggish. 
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THE RESULTS OF PLANTING LEGAL-SIZED TROUT IN THE 
DEERSKIN RIVER, VILAS COUNTY, WISCONSIN 


LyMaN QO. WILLIAMSON AND EpwarD SCHNEBERGER 
Wisconsin Conservation Department, Madison, Wis. 


ABSTRACT 


A ereel census was conducted on the Deerskin river to determine the results 
of stocking trout of legal size. The stocking was done in December and May 
and consisted of 1,002 brook and 1,621 rainbow trout. A yield of 3,438 trout 
was obtained. Native fish made up 71 per cent of the catch. Native brook 
trout supplied the most fishing (50.5 per cent of the total). All stocked fish, 
especially the larger rainbow planted in December, were inferior in condition 


and sporting value. There were no reports of either species carrying over to 
the second season. 


During the past two or three decades most attempts to improve fish- 
ing in trout streams were based on the planting of hatchery reared 
fish. At first small fry were planted, later larger fish in the form of 
fingerlings were stocked. As time progressed the demands for plant- 
ing fish of legal size grew to a point where if such a program was 
adopted, it would be necessary to greatly expand the fish rearing 
facilities. Needless to state, such a program would necessitate a much 
greater allocation of funds. This study was therefore initiated to 
determine the value of planting legal-sized fish under the conditions 
found in some of the Wisconsin streams. 

The Deerskin river was selected for this study not only on the basis 
of its history as a good trout stream in the past ;, but also because of its 
nearness to a populated section and the availability of Civilian Con- 
servation Corps assistance to aid in the stocking and also to supply 
census clerks. The stream has a total length of 16.9 miles and has an 
average width of 10 feet. The origin of the stream is as an outlet of 
Long lake. It has many spring-fed tributary streams. The drainage 
area is composed of glacial till made up of sand, rocks, and boulders. 
The stream bottom consists of sand and gravel. There is considerable 
drop in elevation creating many ripples, rapids, and pools which are, 
of course, one of the prime prerequisites of a good trout stream. 

In general, the results of stocking legal-sized fish show that the 
planting of such fish in the spring is more beneficial than plantings 
made in the fall. It is also shown that such fish are quite rapidly 
depleted. Cobb (1934), using an internal tag, released 15,875 marked 
legal brown and brook trout in Connecticut streams. A total of 5,403 
(33 per cent) recoveries was made. Brook trout planted during the 
open season usually were depleted within a week but brown trout 
provided fishing for a little longer period. In Massachusetts, Nesbit 
and Kitson (1937) found spring planting to be more efficient than 
fall planting by an average ratio of five to one. Hoover and Johnson 
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(1938) report a recovery of 76 per cent legal-sized fish in 3 weeks after 
planting. In a long-range program in Michigan, Shetter and Hazzard 
(1942) studied plantings of brook trout made in six streams and brown 
and rainbow in four streams. Approximately 36,000 trout were used 
in 51 experiments. The recaptures of trout planted in streams ranged 
from 4.4 to 5.8 per cent for fall planting, 11.3 to 25.5 for spring plant- 
ings, and 13.0 to 25.4 per cent for open-season plantings. Brook trout 
have never been found to carry over to the second season after stock- 
ing. A very small number of legal brown and rainbow trout planted 
in the spring or during the open season were recovered during the 
second season after their release. For the most part the brook trout 
were caught out 4 weeks after planting while brown and rainbow trout 
contributed to the fishing for at least 8 weeks. An average of only 11.8 
per cent of the anglers benefited from the plantings. The authors 
speculate, however, that more anglers might benefit if plantings were 
made in streams nearer the more densely populated sections of the 
state. 
STOCKING OF FisH 


Table 1 shows the date, number and species of fish that were stocked 
in the Deerskin river. A total of 1,002 brook and 1,621 rainbow trout 
or 2,623 fish was planted in the stream. All individuals were marked 
by the fin clipping method described by Shetter and Hazzard (1940). 
The stream was stocked at a rate of 154 fish per mile which is more 
liberal stocking than these workers used. In the Michigan streams 
averaging 50 feet in width, 100 to 160 fish per mile were planted. The 
fish were planted at 15 points in the streams. None were planted below 
the McDermott dam or in the upper two miles of the stream. Two to 
3 hours after stocking the fish seemed to spread out so that it was not 
possible to observe any concentration of planted fish. The entire 
stream was checked on many occasions to determine the extent of 
mortality of planted fish but no dead fish were found. 


Table 1.—Record of trout planted in the Deerskin river 
| 
Species Number (inches) Date planted Fin clipped 
Brook trout December 12, 1940 Right pelvic 
Rainbow trout .... : December 13, 1940 Right pelvic 
Brook trout . May 9, 1941 Left pelvic 
May 12, 1941 Left pelvic 


THE CREEL CENSUS 


The Civilian Conservation Corps provided the census clerks. Check- 
ing stations were established at all strategic points so that practically 
every fisherman could be intercepted as he left the stream. Census 
clerks were on duty from 6 a.m. to 9 p.m. daily from May 15, the 
opening date of the fishing season, to July 23 when the project had to 
be discontinued because of lack of funds. Additional checking was 
conducted along the stream to supplant the regular checks but this 
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type of census was kept at a minimum so as not to bother fishermen 
until they had completed their efforts. 

The numbers of native and artificially stocked fish caught each week 
during the census period is given in Table 2. The greatest number of 
fish was taken during the first week of the open season. It is noted 
that during the first and fourth weeks the catch of marked rainbow 
trout exceeded the native stock. During the rest of the period the un- 
marked fish in the creels were always more numerous than the marked 
fish. While the catches dropped off considerably after the first week, . 
the brook trout provided much better fishing than did the rainbow 
trout. 

A total of 3,438 fish was removed from the stream during the census 
period. The native stock made up 71 per cent (2,443 fish) and the 
planted fish 29 per cent (995 fish) of the yield. Native brook trout 
supplied most of the fish, 1,739 or 50.0 per cent, while the established 
population of rainbow contributed 704 or 20.5 per cent. Of the 995 
stocked fish that were found in the creels, 605 were rainbow trout and 
390 were brook trout. In view of the fact that only approximately 13 
miles of the stream is fished for trout to any extent, the yield was ap- 
proximately 264 fish per mile, the native fish being taken at the rate 
of 188 per mile. Considering further that the census was conducted 
only until July 23, it is reasonable to expect that fishing for the bal- 
ance of the season (to September 7) would produce enough native 
stock to bring the total yield up to 200 or more fish per mile. 

Table 3 contains a summery of the recapture of legal-sized trout 
planted. Considering first the brook trout, it is seen that 82 per cent 
of those planted in May were recovered while only 28.2 per cent of 
those planted in December were taken by anglers. With respect to 
the rainbow trout, the recovery was 48.4 per cent for the December 
planting and 30.5 pr cent for the may stocking. As for the returns on 


all fish released, 995 or 37.5 per cent of the 2,623 planted fish were 
recovered. 


Table 3—Summary of recapture of legal size trout planted 


| Number Number Per cent 
released recaptured recaptured 


/May, 1941 a | 


The rainbow trout that had been planted in December were very 
emaciated upon recapture. The rainbows, 10 inches and longer, 
seemed to have lost much more weight than those under that size. On 
the first day of the open season, 8 of the larger rainbow trout (from 
the December stocking) were found on the bank of the stream. Upon 
investigation it was learned that several fishermen had caught their 
limit and had discarded those fish in order to replace them in their 
ereels with fish in better condition. With reference to the sporting 


Species | Date released 
Brook trout. ........... 226 28.2 
Brook trout. ........... 164 82.0 
Rainbow trout ....... 247 48.4 
Rainbow trout ....... 358 30.5 
995 
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quality of the fish, fishermen stated they could identify native or 
stocked fish as soon as they ‘‘took the hook.’’ A general lack of fight 
was noted in all planted fish but was most evident in the larger rain- 
bow trout. 

While no regular or routine census was conducted during the next 
season (1942), the senior author and others checked fishermen on the 
stream frequently for the recovery of marked fish. Not a single rec- 
ord of the capture of a marked fish could be found. This is in agree- 
ment with the findings of other investigators that there is very little 
or no carry over of stocked fish to the next season. 
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SUMMARY 


1. Legal-sized rainbow and brook trout were marked and planted 
in the winter and spring in the Deerskin river, Vilas county, Wiscon- 
sin, prior to the 1941 open season. 

2. <A creel census was conducted from May 15 to July 23, 1941. 

3. A total of 3,438 trout were removed from the stream during the 
ereel census period. The stocking efforts contributed 995 fish or 29.0 
per cent of the total yield. — 

4. The recapture of 995 of the 2,623 marked trout released gives a 
return of 37.5 per cent of the fish planted. 

5. The stocked fish, especially the larger rainbow trout planted 
in December, were inferior in condition and sporting qualities as com- 
pared to the native stock. 

6. There were no reports of marked fish having been caught during 
the following season (1942). 
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ORGANIC MATERIALS AS FERTILIZERS FOR FISH PONDS?! 


E. V. anv H. S. 


Alabama Agricultural Experiment Station, 
Auburn, Alabama 


ABSTRACT 


The production of fish in ponds can be increased by the use of organic fer- 
tilizers such as cottonseed meal and soybean meal, and productivity can be 
further increased by the addition of superphosphate to these meals. From the 
standpoint of fish production alone, such organic materials are worthy of con- 
sideration as fertilizers for fish ponds. 

There are certain limitations to the use of both cottonseed meal and soybean 
meal, alone or in combination with superphosphate, however. In experiments, 
dense growths of filamentous algae developed in ponds fertilized with the 
above materials. Excessive amounts of filamentous algae are objectionable in 
ponds; they interfere with fishing and harbor mosquito larvae and pupae. In 
addition, although cottonseed meal stains water brown, ponds fertilized with 
this material are usually too clear for best fishing. 

Some means must be found for overcoming the objectionable features of 
organic fertilizers before they can be generally recommended for use in ponds, 
even though they do increase productivity. 


INTRODUCTION 


Fish-culturists agree that the production of fish in ponds usually can 
be increased by fertilization. There are two general sources of fer- 
tilizing materials for use in ponds. Organic materials such as cotton- 
seed meal, soybean meal, hays, and manures constitute one source, and 
inorganie materials such as nitrate of soda, ammonium sulphate, super- 
phosphate, muriate of potash, and standard mixtures of such materials 
constitute the other. 

In the United States, much of the early work on pond fertilization 
was concerned with increasing the productivity of hatchery ponds, 
especially those producing largemouth black bass for stocking pur- 
poses. Wiebe (1929) reported the use of superphosphate, a mixture 
of soybean meal and superphosphate, shrimp bran, and sheep manure 
in ponds at Fairport, Iowa. Davis and Wiebe (1930) discussed the 
use of fertilizers in bass rearing ponds and reported that ponds fer- 
tilized with 700 pounds of soybean meal per acre gave the greatest pro- 
duction of black bass fingerlings. 

Meehéan (1933) compared the use of soybean meal, cottonseed meal, 
and sheep manure for the production of fish-food organisms. Soybean 
meal produced 10 to 30 times as many organisms as sheep manure and 
cottonseed meal produced 6 to 7 times as many as soybean meal. He 
also fertilized ponds with various amounts of cottonseed meal and 


“ 1Published with the approval of the Director of the Alabama Agricultural Experiment 
tation. 
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manure. The largest yield of bass fingerlings was obtained from the 
use of approximately 1,000 pounds of cottonseed meal per acre applied 
over a period of 17 weeks. 

Hogan (1933) fertilized ponds with cottonseed meal and super- 
phosphate (in the ratio, 2:1), and cottonseed meal and commercial 
‘*6.8-6’’ (in the ratio, 2:1). He concluded that the mixture of cotton- 
seed meal and superphosphate was superior to the mixture of cotton- 
seed meal and ‘‘6-8-6’’ for rearing bass fingerlings. He suggested 
that the cottonseed meal served as a direct food for the bass fingerlings 
as well as a pond fertilizer. 

Organic fertilizers continue to be used in hatchery ponds as evi- 
denced by Meehean’s (1939) recommendation of cottonseed meal for 
fertilizing bass rearing ponds. 

During recent years, much attention has been directed toward the 
fertilization of ponds for the improvement of fishing. In the South- 
eastern States, at least, inorganic fertilizers have been largely used in 
fish ponds. Swingle and Smith (1942) reported a 4- or 5-fold increase 
in fish production from the use of inorganic fertilizers. 

Although inorganic fertilizers have given extremely satisfactory re- 
sults in fish ponds, the present national emergency has caused a 
marked reduction in the amount of inorganic nitrogen available for all 
fertilizer purposes and it is probable that the shortage may be further 
accentuated. In addition, there probably will be a marked increase 
in the amount of organic nitrogenous materials as a result of the ex- 
pansion in the production of oil crops. It, therefore, seems pertinent 
at this time to determine the value and limitations of organic fer- 
tilizers. 

EVALUATION OF ORGANIC FERTILIZERS 


For any material to be acceptable as a fertilizer for fish ponds, it 
must fulfill the following requirements: 


1. It must increase the production of fish. 
2. It must improve the ‘‘fishability’’ of the pond by: 
a. Discouraging the growth of filamentous algae; 
b. Discouraging the growth of noxious waterweeds 
other than filamentous algae ; 
ce. Increasing ‘‘cloudiness’’ of the water, thereby 
increasing the frequency of ‘‘biting.’’ 

Experiments dealing with fertilizers for. use in fish ponds: have been 
in progress at the Alabama Agricultural Experiment Station since 
1934. Both organic and inorganic fertilizers have increased fish pro- 
duction. The results from the use of inorganic fertilizers have been 
reported previously and will be mentioned only when comparisons 
seem desirable. _. 

In the first experiment in which organic fertilizers were included, 
one pond was fertilized with cottonseed meal, a second with cottonseed 
meal and superphosphate, and a third with commercial poultry laying 
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mash (Table 1). The ponds were stocked with bluegill fingerlings 
(Lepomis macrochirus) in May and were drained in November. The 
data in Table 1 show that all fertilizer treatments greatly increased 
productivity. The addition of heavy applications of superphosphate 
to cottonseed meal almost doubled the production as compared to that 
from cottonseed meal alone. 


Table 1.—Results from the use of cottonseed meal, cottonseed meal plus superphos- 
phate, and poultry laying mash as fertilizers for fish ponds 
Fertilizer 3 | 


| Number of Total applied |Carrying capacity? 
applications | (pounds per acre) | (pounds per acre) 


0 
2,860 


2,860 
5,540 


Kind 


Poultry laying mash. 2,860 
1The ponds were stocked with bluegill fingerlings in May and were drained in November. 


In this experiment, the fertilizers were applied at rates that prob- 
ably should be considered uneconomical, but an effort was made to 
obtain maximum production. In spite of the extremely high rates of 
application of organic fertilizers, no fish died from lack of oxygen, and 
chemical analyses indicated that the dissolved-oxygen content of the 
pond water was never reduced to a critical level. 

In a second experiment, separate ponds were fertilized with cotton- 
seed meal, cottonseed meal and superphosphate, soybean meal, and 
soybean meal and superphosphate (Table 2). The plan of the experi- 
ment did not require that a stipulated total amount of fertilizer be 
applied to any pond or that all ponds be fertilized at the same rate, 
but rather that each pond be fertilized whenever an application seemed 
advisable. The ponds were stocked in February and drained in No- 
vember ; thus the growing season was somewhat longer than in the pre- 
ceding experiment. The data in Table 2 substantiate those in Table 1 
in showing that all fertilizers used increased fish production as com- 
pared to the ‘‘no-fertilizer’’ treatment. Apparently, the addition of 
superphosphate to the organic fertilizers increased the production of 
bluegills. A direct comparison of the value of cotonseed meal and soy- 
bean meal cannot be made on the basis of the results from this experi- 
ment. Although fertilizers containing soybean meal produced higher 
fish yields than did those containing cottonseed meal, greater amounts 
of soybean meal were applied. 

In a third series of experiments, 15 ponds were fertilized with cot- 
tonseed meal, soybean meal, peanut meal, and 3:1 and 6:1 mixtures of 
each meal and superphosphate; each meal or mixture was applied to 
separate ponds at monthly and semi-monthly intervals from May until . 
October. All fertilizer treatments increased the carrying capacity of 
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Table 2.—Results from the use of cottonseed meal, soybean meal, and mixtures of 
these meals and superphosphate as fertilizers for fish ponds 
| Fertilizer 


Pon Number of Total applied {Carrying capacity) 
No. Kind applications | (pounds per acre) | (pounds per acre) 


0 0 | 130 
2 |Cottonseed meal 


16 per cent superphosphate.......... 


‘The ponds were stocked with bluegill fingerlings in February and were drained in 
November. 


the ponds for bluegills over the unfertilized controls, and in all ponds 
except one the increase amounted to 100 per cent or more... As in previ- 
ous experiments, the addition of superphosphate to the seed meals 
tended to increase the productivity. In this experiment, fertilizers 
containing soybean meal gave greater fish productions than did those 
containing the other seed meals, even when equal amounts were ap- 
plied. 

Thus, it is evident that the seed meals, alone and in combination 
with superphosphate, fulfill requirement (1). In general, all forms of 
organic fertilizers tested at Auburn have increased fish production. 
From this standpoint, these materials are worthy of consideration as 
fertilizers for fish ponds. 

The principal limitations to the use of organic fertilizers arise from 
the fact that these materials tend not to fulfill requirements (2a) and 
(2¢). There is a general tendency for filamentous algae to develop in 
ponds fertilized with organic fertilizers. It is practically impossible to 
fish for bluegills with hook and line in a pond in which the bottom is 
covered with filamentous algae. These algae also foul plugs and flies 
and make casting unsatisfactory. In addition, filamentous algae in 
shallow water protect mosquito larvae and pupae, and present a mos- 
quito hazard. Where malaria occurs, this condition cannot be toler- 
ated, and it is doubtful whether mosquitoes add to fishing pleasure 
elsewhere. 

Some experimental evidence of the tendency of organic fertilizers 
to encourage the growth of filamentous algae can be given. An experi- 
ment was planned in which a half-acre pond was to be fertilized with 
a 3:1 mixture of cottonseed meal and superphosphate at the rate of 100 
pounds per acre per application. After two applications in January 
and February, however, such a dense growth of filamentous algae de- 
veloped that fishing became almost impossible and the use of the 
fertilizer mixture was discontinued. Four applications of nitrate of 
soda were made during March, April, and May in an effort to control 
the filamentous algae. After the growth of filamentous algae was sup- 


3 [Cottonseed meal 8 780 478 
per cent superphosphate.......... 325 

4 [Soybean 15 1,500 520 
5 | 9 870 615 
365 
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pressed, two applications of the original mixture were made in June 
and July. Filamentous algae reappeared in the pond and grew during 
the remainder of the season even though no more fertilizer was applied. 

Soybean meal, alone or with superphosphate, appeared less likely 
to support filamentous algae and more likely to encourage phyto- 
plankton than did cottonseed meal in the earlier experiments. Conse- 
quently, a mixture of soybean meal and superphosphate (6:1) was 
used during 1941 in 2 quarter-acre ponds stocked with largemouth 
black bass (Huro salmoides) and bluegills. Contrary to previous ex- 
perience, the mixture of soybean meal and superphosphate, even in 
moderate amounts, induced a heavy growth of filamentous algae which 
grew throughout the season. The masses of algae were so dense that 
it was impossible to obtain the usual monthly seining records from 
these ponds. Furthermore, although the ponds were drained in No- 
vember and a new experiment initiated in which inorganic fertilizers 
were used, the effects of the previous fertilizer treatment appeared to 
carry over, and dense growths of filamentous algae developed in the 
ponds in the spring of 1942. 

Another experiment was planned in 1941 in which the mixture of 
soybean meal and superphosphate was to be used in a 2-acre pond 
stocked with largemouth black bass, bluegills, and golden shiners 
(Notemigonus crysoleucas). A dense growth of filamentous algae de- 
veloped in this pond also, making it advisable to substitute an in- 
organic fertilizer for the mixture. The filamentous algae disappeared 
after the substitution and were replaced by phytoplankton. 

Since cottonseed meal and soybean meal are conducive to the growth 
of filamentous algae, it would appear that they might be substituted 
for inorganic fertilizers in the program developed by Smith and 
Swingle (1942) for the control of certain underwater weeds; these 
materials have not been tested as yet for this purpose, however. If 
the suggested substitution could be made, then it could be considered 
that these materials would fulfill requirement (2b); if filamentous 
algae continued to grow in the pond after the weeds were destroyed, 
however, the advantage gained by the destruction of the weeds would 
be nullified to a large extent. 

The organic fertilizers do not fulfill requirement (2c). As already 
indicated, the development of filamentous algae offers a definite detri- 
ment to fishing. In addition, it is generally known that warm-water 
fish do not bite readily in crystal-clear water; recognition of this fact 
leads many fishermen to fish clear waters at night. It is believed that 
one of the reasons that fish bite readily in ponds fertilized with in- 
organic fertilizers is that the cloudiness of the water caused by plank- 
ton prevents the fish from seeing the line attached to the bait. A com- 
parison of annual catches from a pond fertilized with an inorganic 
fertilizer and another fertilized with cottonseed meal and super- 
phosphate should be of interest in this connection. 

One pond was fertilized with an inorganic fertilizer which main- 
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tained a good growth of phytoplankton. The other pond was fertilized 
with cottonseed meal and superphosphate; this fertilizer produced 
filamentous algae that interfered with fishing during part of the sea- 
son, and, although stained by the cottonseed meal, the water was so 
clear as to make fishing unsatisfactory during most of the year. No 
difficulty was encountered in obtaining cooperators to fish the pond 
fertilized with the inorganic fertilizer, but so few guests wanted to 
fish the other pond a second time that the project leaders were forced 
to do the fishing. Fishermen removed nearly one-half (260 pounds per 
acre) of the total weight of fish from the pond fertilized with inorganic 
fertilizer, but they removed only about one-sixth (100 pounds per 
acre) of the total weight from the one fertilized with the organic fer- 
tilizer. Since both ponds had a high carrying capacity, the differences 
in total annual catch between the two ponds can best be ascribed to 
differences in ‘‘fishability.’’ 

From the foregoing discussion, it is evident that, although organic 
fertilizers increase the productivity of fish ponds, some means must be 
found by which the objectionable features resulting from the use of 
such materials can be eliminated before they can be recommended as 
fertilizers for ponds. Experiments are now in progress at this Station 
in which mixtures of organic and inorganic fertilizers are being tested 
in an effort to develop a method by which the organic fertilizers may 
be used satisfactorily. 
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THE EFFECT OF IMPOUNDMENT ON 
FISHING INTENSITY IN SEVERAL T.V.A. WATERS?! 


R. W. EscHMEYER 


Tennessee Valley Authority 
Norris, Tennessee 


ABSTRACT 


Fisherman counts on two pre-impoundment areas in the Tennessee Valley 
are compared with similar counts on completed reservoirs. On the basis of 
these counts it is estimated that fishing in the Cherokee Reservoir area will 
increase almost 50-fold 5 years after impoundment; on the Watts Bar Reser- 


voir area fishing is expected to increase 10- or 15-fold several years after im- 
poundment. 


INTRODUCTION 


Netting with hoop nets in that portion of the Holston River which 
will be covered by Cherokee Reservoir, and in that portion of the Ten- 
nessee River which will become Watts Bar Reservoir, indicates that 
in 1941 fish were fewer in the rivers than in Wheeler Reservoir, several 
years after the latter was impounded.” Impounding the water not only 
increases greatly the acreage of fishing water, but for a period of 
years at least, also increases the number of fish per acre. It is appar- 
ent, too, that the reservoirs support much more fishing than those por- 
tions of the Tennessee and its major tributaries which are still un- 
impounded. This discussion is intended to demonstrate in a general 
way the increase in fishing intensity resulting from impoundment. 

Inquiries concerning the intensity of fishing in T.V.A. waters were 
made in 1940 on one storage reservoir (Eschmeyer, 1942) and on four 
run-of-the-river reservoirs (Tarzwell, 1942). During the following 
summer fishermen counts were made on the Holston and Tennessee 
Rivers in areas to be covered by Cherokee and Watts Bar Reservoirs, 
respectively. The former will be a storage-water similar to Norris; 
the latter will be the run-of-the-river type. The two areas are con- 
sidered separately below. In both areas the counts were made in the 
same manner as the counts on the reservoirs in 1940 and the methods 
of computation were likewise similar. 

Eventually, comparisons of fishing intensity will be made for these 
same waters; for example, a comparison will be made of the fishing 
on the Holston River before impoundment and on Cherokee Reservoir 
several years after impoundment. For the present, comparisons are 
made with reservoirs of similar type, which are already established. 


1Published with permission of the Tennessee Valley Authority. 
2Smith, Charles G. and Lawrence F. Miller. A comparison of the hoop-net catch on several 


waters in the Tennessee Valley before and after impoundment. (To be found elsewhere in 
this volume.) 
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The counts were made by Edwin Eastwood, Merrill White, and 
Jack Mahaney of the Biological Readjustment Division staff. The men 
invariably travelled by boat, using an outboard motor where possible. 


CHEROKEE RESERVOIR 


Cherokee Reservoir will impound the Holston River from a point 
near Rogersville, Tennessee, to the dam site located near Jefferson 
City, Tennessee, a distance of about 59 miles by channel. During June 
through September of 1941, 16 counts of fishermen were made on 
the Holston River from Morristown to the dam site, a distance of 23 
miles, or about 39 per cent of the length of the reservoir. The counts 
were made at various times of day, on various days of the week, and 
on the dates set for them, regardless of the weather conditions or the 
stage of the river. In these respects the counts were similar to those 
made on the reservoirs the previous year. On the river, however, all 
counts were made in one direction, downstream, because of the diffi- 
eulty of moving upstream, especially at times of low water level. The 
average number of fishermen counted, per trip, is recorded in Table 
1. The estimated average number of fishing trips per month, based 
on the counts, is indicated in Table 2. 


Table 1.—Average number of fishermen per count in the Cherokee Reservoir area 
from Morristown to dam site, 1941 


| Number of counts | Boat | Bank | Set-line 
5 
3 
5 
3 


The monthly estimates of fishing intensity are computed by multi- 
plying the average number of fishermen seen by two (because the aver- 
age fishing trip is about a half-day and it is assumed t-.erefore that 
only half the fishermen are seen by those making the count) and by 
the number of days per month. It is assumed that the upper portion 
of the area is fished with the same intensity as the lower 23 miles. The 
entire length is 2.6 times the length studied, and the number of fishing 
trips for the whole area is therefore about 2.6 times the number from 
Morristown to the dam site. The figures in Table 2 are for the entire 
reservoir area. It need hardly be stated that the figures are to be con- 
sidered only approximate. 


Table 2.—Estimated number of fishing trips, in the Cherokee Reservoir area, 19411 
| Bank | Set-line | 


1Average number counted X 2 X days per month X 2.6 (see text). 


Month | Net 
0.6 
530 125 94 749 
210 161 371 
258 677 64 999 
September _ 47 109 156 
=== 1,045 | 1,072 | 158 | 2,275 
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Cherokee Reservoir will compare with Norris in many respects. Both 
are storage reservoirs with extensive fluctuation, and both are on 
streams of similar size tributary to the Tennessee River. The reser- 
voirs have adjacent drainage basins of about equal size (Norris 2,912 
square miles, and Cherokee 3,428 square miles). Norris Reservoir has 
a much longer shoreline, largely because it floods two rivers (Clinch 
and Powell), whereas Cherokee floods only one river, the Holston. 
Elevations at spillway level are comparable (Norris 1,020 feet; Chero- 
kee 1,043 feet). Norris is somewhat larger than Cherokee, having an 
area of about 34,200 acres at spillway crest (elevation, 1,020 feet), 
and about 40,200 acres when filled to the top of the gates (elevation, 
1,034 feet). Cherokee will have an area of about 19,200 acres at spill- 
way crest (elevation, 1,043 feet), and 32,200 acres when filled to the 
top of the gates (elevation, 1,075 feet). The ‘‘normal’’ summer level 
of Norris, however, is spillway level (34,200 acres) and the ‘‘normal’’ 
summer level of Cherokee is to the top of the gates (about 32,200 
acres). The two therefore are comparable as to size. Both dams are 
about the same distance from Knoxville, the only large community in 
this general vicinity. 

Because of the similarity of the two reservoirs, the fishing intensity 
on Cherokee may be expected to compare with that on Norris. If it 
follows the same trend, fishing on Cherokee during its fifth year of 
impoundment may be expected to total about 100,000 individual fish- 


ing trips in the 4-month period following June 1—a very decided in- 
crease over the estimated 2,275 fishing trips on the river during this 
period in 1941 (Table 3). The increase in sport fishing will probably 
be even greater because about three-fourths of the Norris fishing was 


Table 3.—Comparison of the number of fishing trips in the Norris Reservoir area, 
1940, and the Cherokee Reservoir area, 1941 


i Cherokee 


114,700 
1June figure for Norris includes also May 30, opening day of the season, and May 31. 


boat fishing, much of it with artificial bait. On the Holston River less 
than half the fishing was by boat. 


Warts Bar RESERVOIR 


The method of counting fishermen on the Tennessee River in the 
area to be covered by Watts Bar Reservoir was similar to that em- 
ployed on the Holston River, except that the count covered 86 per cent 
of the length of the stream (from Loudon to the dam site). For con- 
venience, the area examined was divided into five sections. At times 
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the entire 62 miles were covered in a single day; at other times a part 
of it (Loudon to Rockwood) was covered in one day and the remainder 
on the next day. Thus there was considerable variation in the time at 
which any one point was checked. In June, several sections were seen 
three times and several other sections five times; during other months 
the same number of counts were made on all sections (Table 4). 


Table 4.—Average number of fishermen per count in the Watts Bar Reservoir 
area from Loudon to dam site, 1941 


Month |Number of counts | Boat | Bank |" Set-ine | Net 


June ecoe 8-5 14.4 15.4 8.5 0.4 
July ...... eon 5 5.6 6.2 0.6 bi 
August ...... 4 6.5 5.1 1.0 
September ...........00 8 7.0 1.9 3.4 0.7 


It is estimated that there were about 5,255 fishing trips on Watts 
Bar Reservoir area (main stream only) during the 4-month period 
(Table 5), or about twice the amount computed for the Cherokee 
Reservoir area. Here, as on the Cherokee, boat and bank fishing were 
about evenly divided. Set-line fishing was practiced much more ex- 
tensively on the Tennessee than on the Holston River. 

Watts Bar Reservoir, like Wheeler, Wilson, and other main-stream 
reservoirs, will differ decidedly from Cherokee, Norris, and other stor- 
age reservoirs. The main-stream reservoirs have small fluctuations 
and a large discharge in proportion to the volume of water; storage 


Table 5.—Estimated number of fishing trips in the Watts Bar Reservoir area, 19411 
Month | Boat Bank | Set-line | Total 


2,359 | 2,017 | 
1Average number counted X 2 X days per month X 1.16 (see text). 


reservoirs have a large yearly fluctuation and a small discharge in 
proportion to volume. The trend in fishing on Watts Bar Reservoir 
may be expected to follow that for Wilson and Wheeler Reservoirs. 
The reservoir will be much larger than Wilson but much smaller than 
Wheeler (Wilson 16,000 acres, Wheeler 67,000 acres, and Watts Bar 
37,000 acres). All three bodies of water are on the Tennessee River, 
although Watts Bar Reservoir lies well above the other two, and is 
separated from Wheeler by Chickamauga, Hales Bar, and Guntersville 
Reservoirs, a distance of almost 200 miles. 

Because of the difference in size, fishing intensity on Watts Bar is 
compared with fishing on Wheeler and Wilson on a basis of fishing 
trips per 1,000 acres. Tarzwell and Miller* estimated 2,039 individual 


*Tarzwell, Clarence M. and Lawrence F. Miller. 
intensity on TVA reservoirs. 


A report on the measurement of fishing 
(To be found elsewhere in this volume.) 


June 1,002 1,072 592 2,666 
| 403 446 43 892 
467 367 7 841 
September ............ 487 132 237 856 
To | 5,255 
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trips per 1,000 acres on Wilson Reservoir for the 4-month period be- 
ginning June 1, 1940, in the seventeenth year of impoundment. Their 
estimate was 3,104 fishing trips per 1,000 acres on Wheeler for the 
same period, in its fourth full year of impoundment. 

The fishermen counts on Watts Bar area were made only on the 
main stream, not on its several tributaries of fishable size. After im- 
poundment these tributaries (Clinch, Emory, and Piney Rivers, and 
White and Caney Creeks) will flood about 12,400 acres. Watts Bar 
Reservoir, exclusive of these areas, will have an area of about 25,500 
acres (elevation, 741 feet), the figure used for comparisons made in 


Table 6.—Comparison of the number of fishing trips, per 1,000 acres of water in 
the Wilson and Wheeler Reservoirs, 1940, and in the Watts Bar Reservoir area, 1941 


Month | Wilson? | Wheeler | Watts Bar 
June .. 104 
July .... 35 
August .. 

September .. 


3,104 | 


1Not including the fishing in the tail waters at the head of Wilson and Wheeler Reservoirs. 
The estimated number of fishermen on these two tail waters combined, for the 4-month period, 
was 23,700—far more trips than in the entire Watts Bar Reservoir area. 


Table 6. It will be noted that if fishing intensity on this reservoir 
follows the trend on Wilson and Wheeler Reservoirs, it will increase 
from about 200 trips per 1,000 acres to 2,000 or 3,000 trips per 1,000 


acres during the 4-month fishing period. Fishing in this reservoir may 
be expected to increase, roughly, 10- to 15-fold after several years of 
impoundment. It is encouraging to note that Wilson Reservoir in its 
seventeenth year was still heavily fished, suggesting that the main- 
stream reservoirs may possibly continue to support moderately heavy 
fishing indefinitely, or at least for a long period. 
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THE AGE, GROWTH, AND BATHYMETRIC DISTRIBUTION 
OF REIGHARD’S CHUB, LEUCICHTHYS REIGHARDI 
KOELZ, IN LAKE MICHIGAN 


FRANK W. JOBES 


U. S. Department of the Interior, Fish and Wildlife Service 
Ann Arbor, Michigan 


ABSTRACT 


Reighard’s chub has come to be one of the most important species of the 
group since the serious decline in abundance of the larger representatives of 
the genus Leucichthys in Lake Michigan. An understanding of the biology of 
as many species of chubs as possible is essential if further depletion and the 
collapse of the fishery are to be prevented. 

The age and growth of 331 individuals taken in 1932 were determined. Each 
of the other phases of the study is based on more than 5,000 specimens col- 
lected during the three years, 1930 1932. 

Reighard’s chub occurred most abundantly, when not spawning, in depths 
of 20 to 60 fathoms where the temperature of the water ranged from 38.8 
to 40.6° F. It was taken at all depths where the nets were set from 12 to 97 
fathoms, and in water that varied from 34.7 to 50.6° F. The abundance on 
the east shore was seven times that on the west shore and between two and 
three times that in the upper part of the lake. The data indicate the existence 
of separate populations on the two shores. The greater exploitation with 
smaller meshes in the western part of the lake probably accounts for the 
relative searcity in those waters. Ecological factors are considered the prob- 
able cause of the lesser abundance in the upper lake. Spawning occurs during 
May and June at depths of 20 to 79 fathoms, over a wide variety of bottom 
materials at temperatures of 38.8 to 40.5° F. 

Age-group IV dominated in the samples of fish whose ages were determined 
and made up 50.2 per cent of the total. Age groups V and III were the next 
largest groups in that order. Growth in length was most rapid during the first 
year of life. Growth in weight was most rapid during the first three years 
with the annual increment in weight about the same in each of those years. 
The sexes grew in both length and weight at approximately the same rate. 
Growth compensation occurs in the reighardi of Lake Michigan, but the first 
year differences were not removed entirely by the time of capture in the fifth 
year. 

The weight of the fish in the combined samples increased as the 2.468 power 
of the length. No relationship between condition (K) and rate of growth 
could be demonstrated. Condition (K) was better in 1931 than in either 1930 
or 1932 and usually was better in 1930 than in 1932. The seasonal changes 
in relative heaviness followed the same general trend irrespective of the sex 
or stage of maturity of the fish. The females lost 8 per cent of their weight 
in spawning, but no loss of weight could be demonstrated for the males. 

The females were always strongly dominant in the samples except during 
May and June 1931 and May 1932 when the sexes occurred in about equal 
numbers. The relative abundance of the sexes did not change materially in 
age-groups II to V. There were no males assigned to age-groups VI and VII. 


INTRODUCTION 


The present study is a part of the extensive investigation of the 
chub fishery of Lake Michigan conducted jointly by the former U. S. 
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Bureau of Fisheries and the Michigan and Wisconsin Departments 
of Conservation during the years 1930-1932. 

With the serious decline in abundance of the larger species of chubs, 
Reighard’s chub has come to be one of the most important species of 
the group in the commercial catch of Lake Michigan. The species 
makes an acceptable ‘‘smoked fish’’ (the principle form in which all 
of the-chubs are offered for human consumption) but largely because 
of its small size (91% to 12 inches) it can not command the best price. 
The growing importance of the less valuable forms in the catches due 
to the decline of the larger species emphasizes the necessity of obtain- 
ing an understanding of the biology of as many species in the group 
as possible so that effective measures may be taken to prevent further 
depletion and the collapse of the fishery. 

Since the commercial fishermen now are dependent upon the less 
valuable species, a serious depletion of the present stocks could be 
disastrous. The gradual decline in the yield of all chubs in Lake Michi- 
gan from 614 to 4 million pounds from 1934 to 1939 which was fol- 
lowed by the extremely low catch of just more than 114 million 
pounds in 1940 perhaps suggests that the depletion of the last of the 
species of chubs is well underway. 

Specific recommendations for conservation are omitted from this 
paper because the intermingled populations of the several species 
makes it necessary to formulate regulations for the group as a whole 
rather than for individual species. Final recommendations must await 
the completion of studies on the other species. Studies on two of those 
species are now underway. 

The term ‘‘chub’’ is used on Lake Michigan to designate any one 
of seven species of the genus Leucichthys. The species present in Lake 
Michigan are: alpenae (the longjaw), hoyi (the bloater), johannae 
(the chub), kiyt (the kiyi), nigripinnis (the blackfin), reighardi 
(Reighard’s chub), and zenithicus (the short-jawed chub). The most 
easily observed characters used to identify reighardi are: The decid- 
edly terete or cylindrical body; the underslung, short lower jaw; the 
nearly vertical position of the front part of the upper jaw (premaxil- 
laries) ; the short snout; the black pigment usually conspicuous at the 
tips of the upper and lower jaws, and frequently prominent on the 
body and abdominal fins; and the short paired fins. The reighardi 
population in northern Lake Michigan (north of a line from Washing- 
ton Island, Wisconsin, to Frankfort, Michigan) was considered by 
Koelz (1929) to represent a distinct race but was not named. Reigh- 
ard’s chub most closely resembles the short-jawed chub (zenithicus) 
since these two species are the only ones in the group with the under- 
slung, short lower jaw. L. reighardi has a wider body, usually much 
more pigment about the mouth, shorter pectoral fins, and a shorter 
snout than L. zenithicus. Since Reighard’s chub spawns in May and 
June and the short-jawed chub spawns in November, the stage of 
development of the sex organs often aids in separating these two 
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species. (See Koelz, 1929, for more detailed descriptions and com- 
parisons. ) 

Nothing has been published concerning the feeding habits, migra- 
tions, age, growth, and actual abundance of reighardi in Lake Michi- 
gan. The only observations on the other phases of the natural history 
of the species in Lake Michigan are those of Koelz. Pritchard (1931) 
studied the growth, food, and age at spawning of the reighardi in 
Lake Ontario. 

I am indebted to Dr. John Van Oosten, in charge of Great Lakes 
Fishery Investigations, U. S. Fish and Wildlife Service, and to Dr. 
Ralph Hile, Associate Aquatic Biologist, U. S. Fish and Wildlife 
Service, for valuable suggestions and for critically reviewing the 
manuscript. The data and materials upon which this paper is based 
were collected by and under the field supervision of Dr. H. J. Deason, 
Special Assistant to the Director of the U. S. Fish and Wildlife 
Service, who was assigned to the Lake Michigan investigation during 
the years 1930-1932. Dr. Deason also computed the factors for con- 
verting standard length to total length. 


MATERIALS AND METHODS 


The data were obtained in connection with the fishing of experimen- 
tal gill nets from the U. S. Fishery Vessel Fulmar during 1930, 1931 
and 1932. Five sizes of mesh (23%, 214, 25%, 234, and 3 inches, stretched 


measure as manufactured) were used in the linen gill nets fished in 
1930 and 1931, except in Green Bay during late September and early 
October 1930, when only the three smaller sizes were used. Only the 
three intermediate sizes were employed in 1932 except that the 23%- 
inch-mesh nets also were used in Green Bay at the beginning of the 
season. Each net was 510 feet long and 5 feet deep. All the nets were 
set on the bottom. The age was determined and the growth computed 
for 331 individuals (95 taken June 14, 1932, off Manistique, Michigan, 
and 236 taken August 13, 1932, off Charlevoix, Michigan). (Figure 1, 
open circles, shows exact locations.) The length-weight relationship 
was determined for 5,671 specimens (506 in 1930, 2,213 in 1931, and 
2,952 in 1932) taken at many localities distributed generally through- 
out the shallower waters of the lake (Figure 1, solid circles). The 
length-frequency distribution was obtained for 7,571 fish taken dur- 
ing the three years. The sex of 8,449 individuals was determined. 
(On some dates sex and stage of maturity were determined without 
obtaining data on length and weight.) Only three fish were sexually 
immature or nonspawning: Two males with standard lengths of 210 
and 250 millimeters (9.8 and 11.6 inches, total length), and one female 
with a standard length of 242 millimeters (11.3 inches, total length). 
All of the 1930 and 1931 collections were from localities south of a 
line extending from Kewaunee, Wisconsin, to Frankfort, Michigan, 
with the exception of those taken in late September and early October 
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1930, which were from Green Bay, and all of the 1932 collections were 
obtained north of that line. 

Length measurements were obtained frum fresh specimens in the 
field by holding a steel tape graduated in millimeters as nearly paral- 
lel to the long axis of the body as possible. The weights were obtained 
from fresh individuals, and were recorded to the nearest one-fourth 
ounce in 1930 and in part of 1932, and to the nearest one-tenth ounce 
in 1931 and in the remainder of 1932. The fish scales were mounted 
on glass slides following the method of Van Oosten (1929), and were 
examined at a magnification of X 40.7. Ages are expressed in roman 
numerals equivalent to the number of annuli found on the scales. 
Thus, a fish assigned to age-group III was in its fourth year of life 
when captured. The calculated lengths were obtained by the direct- 
proportion method of computation employing the diameter measure- 
ments of the scales. 


BaTHYMETRIC DISTRIBUTION AND ABUNDANCE 


Koelz (1929) discussed the bathymetric distribution of Reighard’s 
chub in Lake Michigan as determined from 43 lifts mostly made by 
commercial fishermen, 23 of which lifts were from localities not fished 
by the ‘‘Fulmar.’’ He concluded that the depth of maximum abun- 
dance was between 30 and 60 fathoms. The species ranged between 
6 and 90 fathoms when not spawning, but those depths were stated 
not to be the outside limits of the range. Koelz found the juveniles to 
be common in bait nets (114-inch mesh) set in depths of 26 to 40 
fathoms. 

Data on the bathymetric distribution and abundance of Reighard’s 
chub in Lake Michigan during 1930-1932 are presented in Table 1 
which gives the average number of fish taken per gang of nets each 
month during the collecting season each year from each 10-fathom 
interval of depth of water, and the range of depth in which the nets 
were set. The mean of the depths at the ends of a gang of nets was 
used as the depth in which that gang fished. The averages in the 
upper half of the table are based on the catch from gangs of five 
510-foot nets (one net each with meshes of 234, 214, 254, 234, and 3 
inches) whereas those in the lower half are on the basis of three 
nets per gang (one net each with meshes of 214, 254, and 234 inches). 
The west shore as used in Table 1 includes the waters of the States of 
Illinois and Wisconsin south of Kewaunee. The east shore includes 
only the State of Michigan waters south of Frankfort. Upper Lake 
Michigan comprises the area north of a line extending from Kewaunee, 
Wisconsin, to Frankfort, Michigan. 

The data are from specimens taken in 2638 lifts of 738 gangs of nets 
at 141 stations (Figure 1) in the open lake and Green Bay. (When 
fish were scarce two or more gangs, as defined above, were set in one 
string of nets.) No reighardi were taken in 28 lifts at 12 stations (18 
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Figure 1.—Chart of Lake Michigan. Solid circles = stations at which L. reighardi 
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of these lifts and 10 stations were in Green Bay). The two stations 
in the open lake where no reighardi were taken were fished with only 
one set of nets each in November 1930, and were in depths of 16-17 
fathoms (off Waukegan, Illinois) and 36 fathoms (off Kenosha, Wis- 
consin). The remaining lifts that produced no reighardi were at sta- 
tions where the species occurred on other dates. 

The data obtained in Green Bay during late September and early 
October 1930, are not shown in Table 1 because the gangs of nets 
used then included only the 23%-, 214-, and 25£-inch-mesh nets, and 
are not comparable with the gangs used at any other time or place. 
Although Reighard’s chub was present in Green Bay during the late 
summer of 1930, it was scarce and was taken only occasionally. The 
41 gangs set in 10-16 fathoms during September averaged only 0.1 
reighardi per gang of three nets, and the 14 gangs set at the same 
depths in October averaged only 2.1 fish per gang. The six gangs set 
in 18-22 fathoms (20-29 fathom interval) in October took no reighardi. 

The data in Table 1 from the lower part of Lake Michigan show that, 
in general, the number of Reighard’s chub per gang of nets increased 
with each 10-fathom increase in depth up to 40 fathoms, and then 
decreased as the depth increased. With but one exception, reighardi 
were scarce or absent at depths of 70 fathoms and more. The data 
from Upper Lake Michigan show the same general trend in change of 
abundance with depth but suggest that the greatest concentration 
occurs at depths of 40-49 fathoms. 

It is apparent that Reighard’s chub was taken in greater numbers 
from a wider range of depth early in the season than during the sum- 
mer, and that still later in the year there was a slight tendency for 
the species again to go to the deeper waters. Along the east shore 
reighardi seemed to be concentrated in depths of 30-79 fathoms in 
May, 20-69 fathoms in June, 20-59 fathoms in July, 20-39 (perhaps 
to 49) fathoms in August, 20-49 fathoms in September, and 30-59 
fathoms in October. Along the west shore the depths with the greatest 
concentrations were 20-69 fathoms in May and June, 20-59 fathoms in 
July, 20-49 fathoms in August, 30-39 fathoms in September, and 
30-49 fathoms in October and November. The depth ranges in which 
reighardi apparently concentrated in Upper Lake Michigan were 30-59 
fathoms in June and July and 40-59 fathoms in August and Septem- 
ber. In Green Bay the species was very scarce in April and increased 
progressively in numbers in May and June in depths of 16 to 19 
fathoms. 

Although nets were not set in all depth intervals each month, and 
virtually no lifts were made in less than 20 fathoms of water, except 
in Green Bay, it seems probable nevertheless, that Reighard’s chub oc- 
curred most abundantly, except during the spawning season (May 
and June), between the depths of 20 and 60 fathoms in the open 
lake. The depths of concentration during the spawning season ranged 
from 20 to 79 fathoms in the lower part of the lake, from 30 to 59 
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fathoms in the upper part, and in less than 25 fathoms in Green 
Bay. The extreme depth range from which reighardi were taken was 
12-97 fathoms. The only depth fished without taking Reighard’s chub 
was 10 fathoms (one lift in Green Bay on September 26, 1930). 

The conclusions from this study agree in general with those of 
Koelz. Both studies place the lower limit of common occurrence of 
Reighard’s chub, when not spawning, at 60 fathoms. The present 
data, however, place the upper limit of concentration at 20 instead 
of 30 fathoms. This study shows that reighardi ranges at least 7 
fathoms deeper than found by Koelz, but he took it in water 6 fathoms 
shallower. 

An examination of the temperatures obtained just off the bottom 
where the nets were set failed to show any close relationship between 
temperature and depth of greatest abundance of reighardit. The tem- 
perature in the depths where Reighard’s chub was concentrated ranged 
from 3.8 to 4.8° C. (38.8 to 40.6° F.). The extreme temperatures re- 
corded where reighardi were taken were 1.5 and 10.2° C. (34.7 and 
50.4° F.). 

The factors that caused the observed changes in depth of maximum 
abundance are not known definitely. It is possible that the abundanve 
over such a wide range of depths in May and June was the result 
of extensive schooling, particularly by the fish already in the deeper 
waters (60-79 fathoms), preparatory to spawning. The changes in 
depth distribution later in the year may have been associated with 
feeding habits or with other unknown factors. 

The data in Table 1 also afford an opportunity to compare the 
relative abundance of Reighard’s chub in the waters of the three sec- 
tions of the lake. The abundance was estimated from the average num- 
ber of fish per comparable gang of nets fished in the same depths of 
water at the same time in the different sections. For example: in May 
1931, the sum of the average number per gang along the east shore 
in depths of 30-59 fathoms was 1,167.3 and along the west shore it 
was 216.5 for those same depths (Table 1). The ratio of fish on the 
east shore to those on the west shore was 1,167.3/216.5 = 5.39. The 
sums of the average catch in the five depth intervals (20-69 fathoms) 
in June 1931 were 486.7 on the east shore and 186.5 on the west shore. 
The ratio for June was 486.7/186.5 = 2.61. The process was repeated 
for each month of each year. The average of the ratios represents an 
estimate of the relative abundance of Reighard’s chub on the two 
sides of the lake. Unweighted sums and averages were used to reduce 
the effects of unequal fishing effort in the different sections. 

It is estimated that Reighard’s chub was approximately seven times 
(7.14) as abundant in 1930 and 1931 along the east shore of Lake 
Michigan as along the west shore. Similar estimates show that reigh- 
ardi was three times (3.04) as abundant along the east shore in 1930 
and 1931.as in Upper Lake Michigan in 1932, and that it was three 
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times (3.06) as abundant in the upper lake as along the west shore in 
those years. 

The estimates of relative abundance of Reighard’s chub on the east 
and west shores of the lower lake were based on the catches of nets 
that had fished an average of 11.5 and 11.7 days, respectively. The 
more restricted data of the east and west shores used for comparing 
the relative abundance in Upper Lake Michigan were from catches 
in nets that had fished an average of 6.2 days in the upper lake, 10.8 
days on the east shore, and 11.7 days on the west shore. 

It is apparent that the length of time between lifts in 1930 and 
1931 could have had very little, if any, effect on the estimates of 
relative abundance on the two shores of the lower lake. Data pub- 
lished by Van Oosten (1935), and unpublished data on file in the 
Great Lakes laboratory of the U. S. Fish and Wildlife Service, suggest 
that the catch in Upper Lake Michigan would have been increased 
by at least 25 per cent had the nets fished 11 or 12 days instead of 6. 
If adjustments are made to allow for a 25 per cent increase in the 
eatch in the upper lake, the estimated relative abundance on the east 
shore would be about 214 times that in the upper lake, and in the 
upper lake about 354 times greater than that on the west shore. The 
adjusted estimates represent, at best, a probable improvement over 
those obtained without regard for fishing time, and can not be taken 
to represent the true relative abundance of Reighard’s chub in the 
different sections of Lake Michigan. 

The influence of ecological factors, other than temperature, which 
apparently had no effect, on the relative abundance of Reighard’s 
chub in the three sections of the lake can not be determined because 
of the lack of data. It is possible that natural factors were largely 
responsible for the greater abundance of the species along the east 
shore than in the upper lake since the commercial fishing intensity 
in the lower lake probably was greater for a longer period of time 
than it was farther north. In addition to the possible effects of eco- 
logical conditions, two other factors may have had considerable in- 
fluence. The chub population along the west shore had been sub- 
jected for many years to a more intensive fishery with smaller-meshed 
nets than had the population on the east shore. The scarcity of Reigh- 
ard’s chub in depths of 70 and more fathoms (Table 1) strongly 
suggests that there is little if any intermingling of the populations 
from the two sides of the lake. The greater exploitation with smaller 
meshes on the west shore and the failure of that stock to be re- 
plenished appreciably from the more abundant stock on the east shore 
must be considered as important factors in explaining the relatively 
low level of abundance along the west shore of Lake Michigan. 


AcE Composition, LENGTH FREQUENCIES, AND Maximum SIzE 


The length-frequency distributions of the age groups are shown in 
Table 2. The differences in length distribution of fish whose ages 
a 
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were determined from nets with different sizes of mesh were not large 
enough to require separate presentation. The number of specimens in 
each age group and the percentage of each group in the total sample 
of fish whose ages were determined are given at the bottom. The 
youngest individuals were in their third year of life and the oldest in 
the eighth. Age-group IV made up 50.2 per cent of the total sample. 
The three most abundantly represented age groups (III, IV, and V) 
made up 90.1 per cent of the total. Age-group VII was represented 
by only one individual and age-group II contained less than the 
number in age-group VI. 


Table 2.—Length-frequency distribution of Reighard’s chub, Leucichthys reighardi, 
in Lake Michigan according to age. At the extreme right, the length-frequency 
distribution of all fish that were measured - 


Standard 

in millimete's | 7, | Wi | VIL | I1-VIT 
170-174 
175-179 
180-184 
185-189 
190-194 
195-199 
200-204 
205-209 
210-214 
215-219 
220-224 
225-229 
230-234 
235-239 
240-244 
245-249 
250-254 
255-259 
260-264 
265-259 


270-274 


Sh Oh 


2 
2 
4 
1 
18 
22 
41 
33 
20 
12 
7 


~ 


275-179 

280-284 

285-289 

290-294 

295-299 

300-304 

305-309 

310-314 
Total number. 
Pe:centage in | | 

samples 42 | 18.4 I 50.2 I 21.5 J 0.3 100.0 


166 71 


All of the fish whose ages were determined had standard lengths 
of from 200 to 264 millimeters (9.4 to 12.2 inches, total length), with 
the mode (22.4 per cent) at 232 millimeters (10.8 inches, total length). 
The length-frequency distribution of all individuals that were mea- 
sured is shown at the extreme right of Table 2. The modal fre- 
quency of all fish measured was the same as for the specimens whose 
ages were determined. The individuals whose ages were determined 
covered a length range that included 98.0 per cent of all of the 
measured fish. 
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The length distributions of the age groups overlapped to an unusual 
degree. The length range of the IV-group fish was large enough to 
include the ranges of all other groups. Fish within a 5-millimeter 
length interval were distributed among as many as six age groups 
(230-234), and a distribution over four and five age groups was very 
common. Because of the extreme overlap, the length at the modal 
frequency did not increase progressively as the fish became older. The 
modes were the same in age-groups II and III and in age-groups IV 
and V. It is possible that greater selection by the gill nets of II- 
group fish caused the length at modal frequency of that age group 
to be abnormally large. 

The smallest reighardi was a mature male taken August 3, 1932, off 
Beaver Island, Michigan. It measured 165 millimeters, standard length 
(7.8 inches, total length), and weighed 1.75 ounces (50 grams). The 
longest and heaviest individual was a mature female taken off Es- 
eanaba, Michigan, May 13, 1932. It measured 314 millimeters, stan- 
dard length (14.6 inches, total length), and weighed 15.7 ounces (445 
grams). The longest male (284 millimeters, standard length; 13.2 
inches, total length) was taken off Manistique, Michigan, on July 6, 
1932. The heaviest male, which weighed 11.0 ounces (312 grams), 
was taken off Escanaba, Michigan, on May 21, 1932. It measured 277 
millimeters, standard length (12.9 inches, total length). The oldest 
male was in its sixth year of life and the oldest fish (a female) was 
in its eight year. 


GrowTH IN LENGTH AND WEIGHT 


The data on length and weight at capture and the calculated length 
in millimeters at the end of each year of life are presented in Table 3 
for the localities and sexes combined. Differences in growth of the fish 
in the two localities and of the sexes were unimportant. The data 
on length and weight at capture are the averages of fish taken during 
June and August and do not represent the size attained at the end 
of a year of life. 

The average calculated lengths at the end of each year of life be- 
eame progressively smaller as the age of the fish upon which calcula- 
tions were based increased, but the discrepancies differ from the well- 
known ‘‘Lee’s phenomenon’’ in that the first-year lengths were affected 
less than those for the second to fourth years. Although the material 
does not permit a detailed analysis of these discrepancies, it seems 
probable that selection by the size of mesh in the nets was an impor- 
tant factor. 

The grand average calculated lengths and the annual increments 
in length are given at the bottom of Table 3, and are plotted in Figure 
2. Growth was very rapid during the first year, followed by a pro- 
gressive decrease in éaeh succeeding year of life. If the average length 
attained .at the end-‘6f the: sixth. year (237 millimeters) is taken as 
100 per cent, it may be computed that 55 per cent of the total growth 
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MILLIMETERS 
LENGTH IN 


CALCULATED STANDARD LENGTH IN 
CALCULATED TOTAL 


YEAR OF LIFE 


Figure 2.—Caleulated growth in length (solid line), and increments of growth 
in length (broken line) of Reighard’s chub, Leucichthys reighardi, in Lake Michi- 
gan. The sexes are combined. 


in length was reached at the end of the first year, 72 per cent at the 
end of the second, 84 per cent at the end of the third, 92 per cent at 
the end of the fourth, and 96 per cent at the end of the fifth year 
of life. 

Estimates of the percentage of total growth in weight completed 
each year may be obtained best from the calculated weights because 
the average weights of the age groups at capture do not represent 
eomplete years of growth. Weights computed to be equivalent to the 
average calculated standard length at the end of the first six years 
of life are: 41, 79, 118, 146, 163, and 179 grams, respectively. (See 
section on length-weight relationship for the equation used in the 
computations.) The weight increased at a nearly uniform rate for 
the first three years (41, 38, 39 grams), and then decreased progres- 
sively in each of the next three years (28, 17, 16 grams), (Figure 3). 
If the computed weight of 179 grams is taken as 100 per cent, it may 
be determined that 23 per cent of the total weight was reached at the 
end of the first year, 44 per cent at the end of the second, 66 per cent 
at the end of the third, 82 per cent at the end of the fourth, and 91 
per cent at the end of the fifth year of life. 


From these data it appears that the most rapid growth of reighardi 
in both length and weight occurs in the earlier years. However, the 
percentages of total length and weight attained at the end of each 
year of life do not necessarily represent the typical growth of the 
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CALCULATED WEIGHT IN GRAMS 
CALCULATED WEIGHT Im OUNCES 


YEAR LIFE 


Figure 3.—Caleulated growth in weight (solid line), and increments of growth in 
weight (broken line) of Reighard’s chub, Leucichthys reighardi, in Lake Michi- 
gan. The sexes are combined 


species. The samples from which these data were obtained were taken 
by gill nets from a population that undoubtedly had been subjected to 
an intense gill-net fishery for many years. It is generally accepted 
that gill nets tend to remove the faster growing individuals of an 
age group first with the consequence that as the age increases the 
group is represented by fish that had grown more slowly in both length 
and weight. Average growth computed for the early years of life 
from a number of age groups probably closely approximates the true 
growth because fish with both large and small annual increments are 
included. As the age increases, it is to be expected that the calculated 
size at the end of each year would be less than the normal because of 
the earlier destruction by the fishery of the faster growing individuals. 
In spite of the fact that these data probably differ, particularly in the 
later years of life, from the course of growth of an undisturbed popula- 
tion, it may be that they describe rather accurately the growth his- 
tories of the fish taken by the commercial fishermen. 


GrowTH COMPENSATION 


Growth compensation, or the tendency for the smaller yearlings to 
grow more rapidly in later years than the larger first-year fish, has 
been demonstrated for many species. The only information on com- 
pensation in growth in any of the species of chubs is that of Van 
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Oosten (1937) who found that the smaller yearlings of the Lake 
Superior longjaw (Leucichthys zenithicus) grew more rapidly in later 
years than did the fish with greater first-year growth. 

The average computed standard lengths and the average annual 
increments in length are shown in Table 4 for three yearling size 
groups of age-group IV of the Lake Michigan reighardt. The larger 
yearlings continued to be the longer fish in all years of life, but the 
difference in size between the largest and smallest groups decreased 
progressively each year from 41 millimeters at the end of the first 
year to 11 millimeters at the end of the fourth. It may be seen from 
the average annual increments in length that the smallest yearlings 
grew more rapidly than the larger yearlings in the second and later 
years of life. These data make it appear that the ‘‘law of growth com- 
pensation’’ holds for the Lake Michigan reighardi. 


LENGTH-WEIGHT RELATIONSHIP AND COEFFICIENT OF CONDITION 


The data on the length-weight relationship of reighardi are shown 
in Table 5. Although certain differences existed in the relationship 
that perhaps were associated with sex, season, and locality of cap- 
ture, a single curve based on all specimens is believed to express satis- 
factorily the changes in weight with changes in length. (See Table 8 
and discussion for details of differences in relative heaviness.) The 
computed weights were obtained by use of the equation, W = 24.711 
X 10-5 [4 where W = weight in grams and LZ = standard length 
in millimeters. That equation was fitted to the average lengths and 
weights of reighardi in each 5-millimeter interval of standard length 
over the range 190-279 millimeters. The empirical and computed 
weights never differed by more than 3 grams in any 5-millimeter 
length interval in the range to which the equation was fitted. The low 
value of the exponent in the equation (2.468) makes it evident that the 
weight increased at a rate much less than the cube of the length. 

Figure 4, based on the data in Table 5, has been drawn to permit 
ready conversion of standard length in millimeters to total length in 
inches, and of grams to ounces. The solid circles represent the empiri- 
eal data, and the curve represents the computed weights. The solid 
portion of the curve covers the length range to which the equation 
was fitted. The factors for converting lengths are given in Table 6. 

The coefficient of condition, K, was computed from the averages 
of all individuals in each 5-millimeter standard length interval by 

Wx 10° 
means of the formula, K = rt, where W = weight in grams 
L 


and L = standard length in millimeters. Fluctuations in the value of 
K represent changes in the condition, or relative heaviness, of the fish. 
Poor condition is shown by low values and good condition by high 
ones. 
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Figure 4.—The computed length-weight relationship of Reighard’s chub, Leu- 

cichthys reighardi, in Lake Michigan. The sexes are combined. Solid circles = 

empirical data; solid portion of the curve = the standard length range to which 
the equation was fitted. 
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Table 5.—Length-weight relationship of Reighard’s chub, Leucichthys reighardi, 

in Lake Michigan, 1930-1932. The data of both sexes from all localities are 

combined. The computed weights were obtained from the equation, W = 24.711 
X 10-5 L, 2-468 


Standard Total length | Computed 
length in inches Empirical weight in weight 

interval in in 

millimeters to mid-point Ounces | Grams grams 
165-169 1.8 
170-174 
175-179 
180-184 
185-189 
190-194 
195-199 
200-204 
205-209 
210-214 
215-219 
220-224 
225-229 
230-234 
235-239 
240-244 
245-249 
250-254 
255-259 
260-264 
265-269 
270-274 
275-279 
280-284 
285-289 
290-294 
295-299 
300-304 
305-309 
310-314 
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Table 6.—Factors for converting standard to total length, and vice versa, with 
and without change of unit of measurement, for Reighard’s chub, Leucichthys 
reighardi, of Lake Michigan 


S.. ih. 
Standard Number (millimeters) (inches) 
length of S8.L. to T.L. to to T.L. to S.L 
1 


interval fish = 8.L. (inches) (millimeters) 


160-209 384 1.196 0.836 0.0471 21.234 
210-249 6,423 1.182 0.846 0.0465 21.488 
250-319 764 1.178 0.849 0.0464 21.565 


1T.L. = total length; S.L. = standard length. 


The values of K as determined for each length interval varied 
irregularly for lengths of less than 195 millimeters, but showed a 
definite tendency to decrease with each 5-millimeter increase in length 
from 195 to 299 millimeters. The one fish in the 310-314 millimeter 
interval was exceptionally heavy for a fish of that length. 

When the data for fish taken in nets with meshes of 214, 2%, and 
234 inches (the sizes used when the scale samples were obtained) were 
examined separately, they revealed the same tendency for the values 
of K to decrease with increased length in each net as did the values 
in Table 5. The values for fish of the same length were practically 


| Number 
of 
| fish 
1 
1 
2 
4 
5 
9 
81 
74 
149 
307 
417 
675 
731 
810 
690 
672 
433 
336 
163 
92 
29 
19 
13 
3 
1 
1 
2 
| 
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the same in the 214- and 25%-inch meshes, but were somewhat greater 
in the 234-inch mesh. Since the nets with meshes of 234 inches and 
larger took relatively few fish, their effect on the values of K in the 
combined data would be small. Because of the apparent selection by- 
the nets, both the length-weight equation and the values of K must 
be considered as describing only the present data, and can not be taken 
as descriptive of truly unselected samples of Reighard’s chub. 

The values of K according to age and to length within the age 
groups are given in Table 7. Since preliminary analysis showed the 
same trends in the changes of the data when separated by locality, 
sex, and stage of maturity of the fish, the table presents the combined 
data. It may be seen that there was a tendency for the values of K to 
decrease with increased length of fish within each well represented 
age group. The data suggest that good condition was associated with 
slow growth. However, the change in condition as the length of fish 
increased may have been the result of selection by the gill nets which 
tend to take the heavier of the shorter fish and the lighter of the 
longer individuals. The values of K for fish of the same length but 
of different age show that there was a somewhat indefinite tendency 


Table 7.—Coefficient of condition according to age and length of Reighard’s chub, 
Leucichthys reighardi, in Lake Michigan. Sexes combined. Number of specimens 
in parentheses 


Standard | 

length in ge group 

millimeters | II | III © | VI wee | II-VII 
200-204 1.69(1) | 1.37(2) 1.47(3) 
205-209 .... 1.58(2) 1.58(2) 
210-214 ....| 1.46(3) 1.52(1) 1.50(4) 1.49(8) 
215-2189 .... 1.49(2) | 1.14(1) 1.53(2) 1.44(5) 
220-224 ....| 1.40(1) 1.41(7) 1.43(18) 1.36(4) 1.28(1) 1.40(31) 
225-229 ....) 1.41(7) 1.42(16)| 1.44(22) 1.35(3) 1.61(1) 1.42 (49) 
230-234 ....} 1.39(2) 1.39(14)| 1.35(41) 1.40(14)} 1.39(2) 1.22(1) 1.36 (74) 
235-239 ....] 1.49(1) 1.34(12)| 1.38(33 1.37(9) 1.58(1) 1.38 (56) 
240-244 .... 1.36(3) | 1.32(20 1.35(12)] 1.23(1) 1.33(36) 
245-249 .... inte 1.38(2) 1.29(12) 1.32(7) 1.37(6) 1.34(27) 
250-254 .... aie 1.29(2) | 1.29(7) 1.30(13)] 1.36(2) 1.30(24) 
255-2589 .... 1.48(1) 1.27(3) 1.27(3) 1.18(2) 1.28(9) 
260-254 ... 1.16(1) 1.23(4) 1.31(2) 1.24(7) 
Average . 142041 1.37(166)' 1.35(71)| 1.36(18)]| 7220) | 1.87(331) 


for the values to decrease with increased age and seem to suggest that 
good condition was associated with rapid growth. The data, there- 
fore, conflict. The values of K with all age groups combined exhibited 
a definite tendency to decrease with increasing length that is very simi- 
lar to that shown by the K values for all fish in Table 5. Because of 
the contradictory evidence, the most valid conclusion appears to be 
that the data demonstrate no definite relationship between condition 
and rate of growth. 

The average coefficients of condition of fish taken in each month of 
each year are presented in Table 8. The stages of sexual maturity of 
the males taken in the same month had so little effect on the values 
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of K that the data are not shown separately. Likewise, the mature 
and ripe females captured in the same month had values of K that 
were so similar that they were combined. Only the data for the spent 
females need be given separately. 

The monthly values of K were higher for all fish in 1931 than in 
1930 and 1932, except for the mature females of August 1930, and the 
spent females of May 1932, and of August 1930. Only few 1930 data 
are available for comparisons, but these indicate that the K values of 
this year were higher than those of 1932. The differences in the rela- 
tive heaviness of the fish taken in 1931 and 1932 tended to decrease as 
th season advanced. The discrepancies were comparatively large in 
May, usually somewhat greater in June, and then decreased until the 
values of K were practically the same in September, when no further 
comparisons were available. The poorer condition characteristic of 
the fish taken from northern Lake Michigan in 1932 may have been 
due to differences in ecological conditions, or perhaps those fish rep- 
resent a distinct race as suggested by Koelz. 

The seasonal changes in relative heaviness followed the same gen- 
eral trend irrespective of the sex and stage of maturity of the fish. In 
general the values of K were higher in May than in June, and there- 
after tended to increase each month until November. The fish of both 
sexes taken in November were relatively heavier than those taken in 
May, which suggests some loss of weight during the winter. Usually 
the difference in the values of K for fish of the same sex and stage of 
maturity was not large in successive months (difference of 0.05 or less 
in 36 of 48 comparisons). 

The reasons for the general trend in changes in the values of K 
through the season are not known definitely. Food supply, activity, 
and other unknown factors may have been involved. 

The males were relatively lighter than the mature and ripe females 
in every month of all three years with the single exception of August 
1931. The K values tended to come together as the season advanced. 
The spent females usually were lighter than the males in each month, 
and were always relatively lighter than the mature and ripe females 
except in May 1932 when only four spent females were available for 
comparison. 

The distinctly lower values of K for the spent females made it seem 
desirable to determine more precisely the percentage of weight lost by 
the females on spawning. The samples obtained May 7-23, 1931, and 
June 5-16, 1932, all dates inclusive, contained adequate numbers of 
gravid and spent females to be satisfactory for such a study. The 
weight in grams and K of both gravid and spent females, the loss of 
weight in grams, and the percentage loss are shown in Table 9. Both 
weighted’ and unweighted averages of K and percentage loss are 


1The percentage loss was weighted by multiplying the percentage loss of fish in each 5- 


millimeter interval of standard length by the product of the number of gravid and the 
number of spent fish in the interval. 
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given. The females lost approximately 1 per cent more of their pre- 
spawning weight in 1931 than in 1932. Computed on the basis of the 
weighted and unweighted average percentages of loss for the two years 
combined, the females may be said to lose 8 per cent of their weight at 
spawning. A similar analysis of the data from gravid and spent males 
did not show any loss of weight on spawning. 


Sex Ratio 


The data on sex ratio of the reighardi whose ages were determined 
(Table 10) suggest that there was little change in the relative abun- 
dance of the sexes in age-groups II to V. The tendency appears to 
have been for the relative abundance of the females to decrease slight- 
ly with each increase in age from the third through the sixth year of 
life (age-groups II-V). However, only females occurred in age-groups 
VI and VII. The females were strongly dominant in all age groups 
and made up 85 per cent of the total sample of fish whose ages were 
determined. The complete disappearance of the males from the two 
older age groups of Reighard’s chub in Lake Michigan may have been 
the result of the failure to take large numbers of fish belonging to 
either group (18 individuals in age-group VI and 1 in age-group VII). 
However, the presence of 1 male in 14 fish assigned to age-group II 
and the absence of males in the 18 assigned to age-group VI seems to 
suggest that the males were relatively less abundant in the older group. 
That suggestion is in agreement with the tonclusion of Van Oosten 
(1937) that the males of the Lake Superior longjaw (L. zenithicus) 
disappeared more rapidly from the catch than the females as the age 
increased. 

All of the available data on the sex ratio of Reighard’s chub are 
presented in Table 11. It is to be seen that there was little change in 
the relative abundance of the sexes in the three months of 1930 for 
which there are data. The females dominated in the catch each month. 
The sexes were represented in approximately equal numbers in May 
and June 1931, but the females made up the greater part of the catch 
in all months later in the season except in November when only 12 fish 
were taken. The relative abundance of the sexes did not change a 
great deal during July, August, and September. Relatively more fe- 
males were taken in October than in any other month of that year. 
The ratio of four females to each male in April 1932 can not be con- 
sidered as reliable because of the few fish taken. The sexes occurred 


Table 10.—Percentage of male and female Reighard’s chub, Leucichthys reighardi, 
of Lake Michigan in each age group. Number of specimens in parentheses 


| Age g oup 


| | 
Male, percentage...... 7.1 (1)413.1 (27) |18.3(13) 
Female, percentage..} 


| cove | (49) 
83.7 (139) |81.7(58) |100.0(18) |100.0(1) |85.2 (282) 
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in about equal numbers in May 1932, after which the females domi- 
nated strongly in the catch each month. It is apparent that the sexes 
of Reighard’s chub were segregated for the greater part of the year 
eovered by these data, and that usually the females dominated in the 
catches. There is some evidence that the sexes approach equality in 
numbers during part of the spawning season in May and June. 

Comparisons of annual differences in the sex ratio in the catch from 
southern Lake Michigan in 1930 and 1931 must be limited to the 
months of July and August because of the absence or-scarcity of data 
for the other months. The females were relatively more abundant in 
the catches of both months in 1930 than in 1931. The data obtained 
in 1932 were from northern Lake Michigan and therefore differ from 
those collected in 1930 and 1931 not only as to year but also as to the 
section of the lake and the sizes of mesh in the gangs of nets. In every 
month except May, the females were relatively much more abundant 
in 1932 than in either 1930 or 1931. 

Detailed analysis of the data brought out the fact that as the size 
of mesh increased from 2%% to 2% to 2% inches there was usually an 
increase in the percentage of females in the catch. The increase in 
mesh size from 214 to 25% inches had little effect on the percentage of 
females taken in July, August, and September 1932. A further in- 
erease in mesh size to 234 inches brought about some increase in the 
percentage of females taken in 1930 and 1931 but had little effect in 
1932. There were too few fish taken by the 3-inch meshes to permit 
valid comparisons with the catch taken in smaller meshes. The rela- 
tive abundance of the sexes taken by each size of mesh in general fol- 
lowed the trends for all data as seen in Table 11. 

It seems apparent that the unequal representation of the sexes re- 
sulted, at least in part, from selection by the nets. Since the males 
usually were more slender bodied than the females, it is probable that 
the nets allowed at least some of them to escape. Some other factor 
or factors (perhaps spawning) must have exerted a strong influence 
in May and June 1931 and May 1932 when the sexes occurred in ap- 
proximately equal numbers. 


SPAWNING 


A fairly accurate idea of the spawning season of reighardi may be 
had from an examination of the data on the stages of sexual maturity 
at different dates during the seasons of 1931 and 1932. Nearly one- 
half of the males and almost all of the females were either gravid or 
spent on May 6, 1931, the first date that year on which the stages of 
sexual maturity were determined. High percentages of gravid and 
spent individuals of both sexes continued through June 13, 1931. The 
relative abundance of the gravid and spent fish shifted during that 
period from a majority of gravid early in the season to a predominance 
of spent fish on June 13. No data on the stages of sexual maturity 
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were obtained in 1931 between June 13 and July 2, at which time there 
were practically no gravid fish of either sex. No gravid or spent males 
were taken later than July 2 in the season of 1931, but an occasional 
gravid female was recorded as late as August 31, and one spent female 
was recorded on September 29. 

In 1932, the first spent female was taken May 21, and the first spent 
-male on May 28. Gravid individuals of both sexes were taken as 
early as May 13, but there is nothing in the catch records to indicate 
that any spawning occurred that early. It was not until June 10, 
1932, that it could be said that any significant number of either sex 
had spawned. High percentages of gravid and spent fish of both 
sexes were taken from then on through June 16. No data on the stages 
of sexual maturity were obtained between June 16 and July 6, 1932, 
when there were practically no gravid fish of either sex, and only the 
females were present in large numbers as spent individuals. An occa- 
sional spent male was taken as late as July 20, and small numbers of 
both gravid and spent females were recorded as late as September 1. 

The nets employed to catch the fish from which the above data were 
obtained were set in 27 to 79 fathoms of water in 1931 and in 23 to 65 
fathoms in 1932. The fact that gravid individuals of both sexes were 
taken at all depths in the above ranges makes it appear that the fish 
were spawning or ready to spawn over a wide area. Also, the fact 
that the species occurred in larger numbers over a wider depth range 
during May and June than in any other months (Table 1) is another 
reason for assuming that spawning occurs over a wide range of depth. 
The temperature during May and June varied from 3.8 to 4.7° C. 
(38.8 to 40.5° F.). 

Not only was there a wide range of depth of water from which 
gravid and spent individuals were taken but also a wide range in the 
type of bottom presumably used as spawning beds. Nets containing 
gravid and spent individuals were lifted from sand, silt, silt and clay, 
and clay bottoms. 

A criterion used by Koelz to determine the spawning runs of the 
several chubs was a heavy run of which one species constituted a ma- 
jority. Thus a lift made May 26, 1921, off Port Washington, Wiscon- 
sin, in 14 to 35 fathoms from a muddy sand bottom was considered to 
be from the spawning run of Reighard’s chub. On the same basis, the 
present data reveal that spawning runs of Reighard’s chub were en- 
countered at th: following ports: Sheboygan, Wisconsin, on May 6, 
1921, in 55-65.5 fathoms; Racine, Wisconsin, on May 22, 1931, in 36. 5. 
40 fathoms; St. Joseph, ‘Michigan, on May 12 and 27, 1931, in 30-33 
fathoms, and on May 27 in 47.5-48 fathoms; Grand Haven, Michigan, 
on May 28 and June 10, 1931, in 28.5-32 fathoms, and on May 28, 
1931, in 50-56.5 fathoms; and Ludington, Michigan, on May 15, June 
11 and 23, 1931, in 29.5-33.5 fathoms, and on May 19 and 29, 1931, in 
75-80 fathoms. 

It is believed that the presence of relatively high percentages of 
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gravid and spent fish in the same lifts indicated that. the spawning 
grounds were not far distant even though the species did not consti- 
tute a majority in the catch. Consequently, the present data suggest 
that Reighard’s chub probably spawns also off Manistique, Michigan, 
and to the east of Washington Island. The percentages of spent fish 
taken off Charlevoix, Michigan, in July 1931 suggest the probability 
that reighardi spawns in that area. Koelz presented evidence which 
leads one to believe that reighardi probably spawns also off the ports 
of Sturgeon Bay, Algoma, and Milwaukee, Wisconsin; Michigan City, 
Indiana ; and Northport, Michigan. 

It seems reasonable to conclude that reighardi spawns chiefly during 
May and June in water that may range from 20 to 79 fathoms, where 
the temperature varies from 3.8 to 4.7° C. (38.8 to 40.5° F.), and 
where the bottom may be sand, silt, or clay, and that the spawning 
areas are numerous and widely distributed in Lake Michigan. The 
season may perhaps begin earlier or extend later in different years 
depending on annual variations in the unknown controlling factors. 
A few individuals do not spawn until as late as September in some 
years. Koelz believed that reighardi probably spawned in May and 
June in 14 to 35 fathoms on a muddy bottom. The differences in the 
conclusions from the two studies appear to be the result of the more 
extensive data in the present study rather than to any fundamental 
differences in distribution during the spawning season. 


SUMMARY 


1. The materials for this study were taken by means of small-mesh gill nets 
set on the bottom in Lake Michigan during the years, 19301932. The number of 
specimens employed in each phase of the study are: age and growth, 331 (all 
secured in northern Lake Michigan during 1932); length frequency distribution, 
7,571; length-weight relationship, 5,671; and sex ratio, 8,449. 


2. Reighardi occurred most abundantly, except during the spawning season, 
in water that was 20-60 fathoms deep, where the temperature was from 3.8 to 4.8° 
C. (38.8 to 40.6° F.). The extreme range in depth was 12 to 97 fathoms, and the 
extremes of temperature were 1.5 to 10.2° C. (34.7 to 50.4° F.). 

3. Reighard’s chub was seven times as abundant along the east shore as along 
the west shore of Lake Michigan. The abundance along the east shore was be- 
tween two and three times that in the upper part of the lake, and in the upper 
lake between three and four times that along the west shore. The data indicate the 
existence of separate populations on the two shores of the lower lake. The greater 
exploitation with smaller meshes probably accounts for the relative searcity of 
reighardi along the west shore. 


4. The sexes grew at approximately the same rate in both length and weight. 

5. The most rapid growth in length occurred during the first year of life, fol- 
lowing which there was a progressive decrease in the annual increments in length. 

6. The weights computed to be equivalent to the average calculated standard 
lengths at the end of each year of life. show that the best growth in weight oc- 
curred during the first three years of life when the annual increments. were 
about the same. 

7. Age-group IV dominated in the samples of fish whose ages were determined, 
and made up 50.2 per cent of tlié total. Agé-group V was represented by the next 
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largest number of fish, and age-group III was the third largest group. No fish 
were taken that were younger than age group II or older than-age-group VII. The 
length distributions-overlapped to an unusual degree. 

8. The smallest individual taken was a mature male that measured 165 milli- 
meters, standard length, and weighed 50 grams (7.8 inches, total length, and 1.75 
ounces). The largest specimen was a mature female that measured 314 milli- 


meters, standard length, and weighed 445 grams (14.6 inches, total length, and 
15.7 ounces). 


9. The law of growth compensation holds for the reighardi of Lake Michigan. 
The larger yearlings remained the larger fish into the fifth year of life, but the 
difference between the larger and smaller groups became less each year. 


10. The length-weight relationship for all fish is expressd satisfactorily by the 
equation, W = 24.711 K 10—5 L2-468, 


11. No relationship between condition (K) and rate of growth could be demon- 
strated. 


12. Condition (K) was better in 1931 than in either 1930 or 1932, and usually 
better in 1930 than in 1932. In general the values of K decreased from May to 
June and then increased each month till the end of the season. The same general 
trends were observed for both sexes at all stages of maturity. 


13. The stage of sexual maturity had no effect on the condition of the males. 
/The mature and gravid females had approximately the same values of K, but the 
spent females were distinctly the more slender. The values of K for the males 


were less than for the mature and gravid females, but were greater than for the 
spent females. 


14. The females lost 8 per cent of their weight on spawning. No loss of weight 
on spawning could be demonstrated for the males. 


15. There was little change in the relative abundance of the sexes in age-groups 
II to V (81.7 to 92.9 per cent females). No males were assigned to age-groups 
VI and VII. The percentage of females in the entire sample of fish whose ages 
were determined was 85.2. The females were always strongly dominant in the 


samples except during May and June 1931 and May 1932 when the sexes occurred 
in about equal numbers. 


16. Spawning occurs chiefly in May and June and may take place in depths 
of 20 to 79 fathoms at temperatures of 3.8 to 4.7° C. (38.8 to 40.5°F.) over sand, 
silt, silt and clay, or clay bottoms. 
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FOOD PROGRESSION IN YOUNG WHITE PERCH MORONE 
AMERICANA (GMELIN) FROM BANTAM LAKE, 
CONNECTICUT 


Dwicut A. WEBSTER 
Connecticut State Board of Fisheries and Game, 
Hartford, Connecticut 
and 
Laboratory of Limnology and Fisheries, 
Cornell University, Ithaca, New York 


ABSTRACT 


On August 26 and 27, 1941, collections of young white perch, Morone ameri- 
cana (Gmelin), were made at 8:30 and 11:30 p.m. and at 2:30 and 4:30 a.m. 
when the fish had moved over shoals. The stomach and intestinal contents of 
50 specimens in each collection were examined; estimates were made of the 
fullness of the stomachs and of the volume of the various food organisms. 
The position of the food was diagramatically noted. The stomachs examined 
from the 8:30 p.m. collection held considerable food, but those from subse- 
quent ones held increasingly less, until the 4:30 a.m. collection, when about 95 
per cent of the fish examined had empty stomachs. The most important food 
organisms in the 8:30 p.m. collection were Cladocera, chironomid larvae, and 
a certain adult of the Hymenoptera. In the following collections, the volume 
of Cladocera gradually decreased in the digestive tract and such forms as 
Hyalella, ant adults, midge pupae, and mayfly nymphs increased greatly. In 
the several collections there was a marked tendency for the important food 
organisms to occupy a similar position in the digestive tract of all fish in the 
same collection. A well defined progression of the main food organisms could 
be followed through the digestive tract from the initial collection to the last. 


INTRODUCTION 


Collections of young white perch,’ Morone americana (Gmelin), 
were made in the summer of 1940 at Bantam Lake, Litchfield County, 
Connecticut, during the course of certain life-history investigations 
being conducted by the Lake and Pond Survey of the State Board of 
Fisheries and Game. The distribution of white perch in Bantam Lake 
is such that both young and adults may be seined from shoal waters, 
less than 3 to 4 feet deep, only during the evening or night when there 
is a marked inshore movement. The extensive shoals over which col- 
lecting was carried out had a sandy bottom kept relatively free from 
rooted aquatic vegetation by wave action; Vallisneria spiralis, Chara 
coronata, and Najas flexilis were present only in sparse quantities. 

In the examination of the stomach contents of the young white perch 
collected in 1940, it was noted that organisms of certain groups oc- 
curred with unusual regularity in certain positions in the stomach. 
This arrangement suggested a feeding pattern to which the majority 


1Young in this paper refers to fish of the year, i.e., age-group O. 
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of the feeding individuals in the collection had subscribed. Whether 
or not the position of the food was the result of selective feeding on the 
part of the young white perch or the result of a changing fauna coinci- 
dent with moving from a deep-water to a shallow-water environment, 
is of no consequence at the moment. However, the results of this 
initial food study on young white perch suggested that the position of 
food organisms in the digestive tract might give pertinent information 
on both individual and collective feeding habits of the fish. 


MATERIALS AND MetTHops 


On August 26 and 27, 1941, a series of collections of white perch 
were made which would, it was felt, bring to light further evidence on 
feeding progression in these fish. Seining operations with two 20-foot 
seines operated by a crew of four men, were carried out at 2- to 3-hour 
intervals with the following results: 

1. 7:00-7:45 p.m.2—No white perch over shoals near shore; a few. (5) individ- 


uals taken by short, quick hauls in 3 to 4 feet of water about 150 feet from 
shore. 


2. 8:30 p.m.—Large numbers of young white perch collected over entire shoal 
aréa. 


. 11:30 p.m.—As in 8:30 p.m. collection. 

. 2:30a.m.—As in 8:30 p.m. collection. 

. 4:30 a.m.—As in 8:30 p.m. collection. 

. 6:00 am.—wWhite perch absent from shoal area near shore. 

From the above observations it is apparent that considerable num- 
bers of white perch made their appearance in the shoals during a three- 
quarter hour interval at the approach of darkness, between the first and 
second seinings. By 6:00 a.m., when it had already become quite light, 
no white perch could be collected on the shoals. Collecting in areas 
seined in previous hours was very poor compared with untouched 
waters only 50 to 100 feet away. The movements of young yellow 
perch (Perca flavescens) taken at the same time, paralleled those of 
the white perch, except in the 6:00 a.m. collection when large numbers 
of the former species still frequented the shallows. 

From previous experience it was known that specimens preserved 
directly in formalin were inclined to disgorge their stomach contents. 
Consequently the fish in each collection were allowed to suffocate be- 
fore being preserved in 10 per cent formalin. 

It was assumed that the samples in the several collections were being 
drawn from the same population, 1.e., fish moving into the shoals orig- 
inally were not replaced by other groups of fishes. The fact that areas 
once seined were not immediately repopulated provides some evidence 
in support of that assumption. That the mean length (Table 2) or the 
sex ratios of the specimens in the several collections did not differ sig- 
nificantly from one another offers further evidence. 

In the laboratory, the stomach and intestinal contents were examined 


2All times are Eastern Daylight Time. 
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INTESTINE 


HOUR OF COLLECTION 


Figure 1.—Variations in the stomach and intestinal contents in the four collections 

of white perch young from Bantam Lake (from data in Table 2). Fifty specimens 

were examined in each collection, but only those with food are included in the 
graph. 


for 50 specimens from each of the collections (taken at 8:30 p.m., 
11:30 p.m., 2:30 a.m., and 4:30 a.m.). The numbers of white perch in 
each collection were in excess of 50, but previous experience showed 
that this number would probably be sufficient to give the information 
desired. The procedure involved a separation of intestine and stom- 
ach. A cut was made in a saggital plane around the stomach wall and 
the left half removed. The contents of the stomach were examined 
in situ under a binocular microscope. On a series of outline diagrams 
(Figure 2) the position of the organisms in the stomach was recorded 
symbolically. An estimate was made on the ‘‘fullness’’ of the stomach 
CR, 4, %, % full, or full?). The stomach contents were then emptied 
and a percentage estimate was made of the volume of each group of 
organisms. In addition, all individual organisms with the exception 
of Cladocera, were counted. The contents of the intestine were then 
examined ; the position of the various organisms was diagramatically 
noted (Figure 2) and estimates made on ‘‘fullness’’ (14, 34 full, or 
full, based on the three sections) and abundance of the organisms. 
Although fragments of organisms found also in the stomach could be 
easily identified in the intestinal contents, their advanced digested con- 


3In preliminary examinations a few stomachs were selected as-standards to be used in judg- 
ing “fullness.” In tlie designation one-eighth full, the grouping was arbitrary in that all 
stomachs judged less than one-quarter full were included. The precision of the estimates is 
actually irrelevant, since the point based upon this information could as well be made by 
merely designating the stomachs as “full’’ or “empty.” 
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CHIRONOMID LARVAE 
&? ANT ADULTS 
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Figure 2.—Diagrams showing the sections of the digestive tract used in designat- 
ing food position (a, b) and examples of the position of stomach contents (c-h). 


dition made any attempt at volumetric estimate subject to considerable 
error. Consequently, the estimates of abundance of foods in the intes- 
tine were roughly designated by plus signs (O, +,...++++). For 
comparative purposes a percentage relationship could be established 
from a summary of these rough estimates that was sufficiently precise 
for the purpose at hand. 


FULLNESS OF THE STOMACHS AND INTESTINES 


The summarized results of the estimates of the ‘‘fullness’’ of stom- 
ach and intestine are presented in Table 1. It is apparent that in the 
8:30 p.m. collection, about 70 per cent of the stomachs were full of 
food and 90 per cent were at least half full. In the later collections, 
the percentage of stomachs with food became progressively less, until 
in the 4:30 a.m. collection, about 95 per cent of the fish examined had 
empty stomachs. It is known that the specimens did not disgorge. All 
available evidence indicates that the several collections were drawn 
from the same population. . It may be concluded, therefore, that white 
perch in an evening collection -had full stomachs and were feeding 
heavily, and that white perch in the 4:30 a.m. collection had nearly 
emptied their digestive tracts of food. 

It is not irrelevant to discuss the nocturnal movement at: this point. 
From the preliminary examination of the 1940 collection ‘it was as- 
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Table 1.—Frequency of the estimate of fullness in stomach and intsteine of young 
white perch in four collections from Bantam Lake, Connecticut. Fifty specimens 
examined in each collection. 

Stomach 
11:30 p.m. 
2 
6 


6 


Estimated fullness | 
| 
| 
| 9 


17 
10 


Intestine 


| 19 
22 

7 

2 


sumed that the inshore migration was to be associated with feeding. 
It is not within the province of the current study to dispute or affirm 
this assumption. The present evidence indicates that after the young 
white perch had been on the shoals for a period well under 8 hours, 
they had almost completely ceased to feed. The fact that the white 
perch, along with yellow perch, exhibited, on several different occa- 
sions, marked inshore movement coincident with fading light, and a 
similar offshore movement with increasing light, presumably supplies 
sufficient evidence to conclude that light was the controlling factor of 


the movement. However, no inference is made that feeding impulses 
directed the inshore movement, assuming favorable light conditions. 
It is conceivable, for example; that white perch normally are restricted 
by daylight to the deeper waters. With the coming of darkness the re- 
striction imposed by light is gradually removed and fish that move 
shoreward in their swimming find no increase in light intensity to di- 
rect their movements back to deep water. 


QUANTITY AND COMPOSITION oF Foop 


Summaries of food eaten by the white perch in the four collections 
are given in Table 2. Since empty stomachs contribute no informa- 
tion about food, it follows that the first collection holds the most in- 
formation and the others increasingly less. The important food organ- 
isms in the 8:30 p.m. collection were Cladocera (Daphnia and Lepto- 
dora), chironomid larvae (largely Tanytarsus), and a certain adult 
Hymenoptera. The gradual disappearance of Cladocera from the di- 
gestive tract and the increased appearance through the remaining col- 
lections, of such forms as Hyalella, ant adults, and midge pupae in the 
fish that were feeding, are believed to be the result of a change in feed- 
ing habits rather than chance variation. It is not entirely clear from 
the information available whether the chironomid larvae are the result 


of both shallow- and deep- water feeding 01 ‘or are remains of food taken 
from deep water. 
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Table 2.—Food of young white perch in four, collections from Bantam Lake, 
Connecticut. The figures are the means of the estimated percentages by volume and 
are based on the specimens in each collection that contained food. 


|_ pe. | | 6am. 
a 
a 
7 
10 
29 
7 


30 
15 


Food organisms 
Chironomid larvae 
Chironomid pupae ... 
Daphnia 
Leptodora ... 

Hyalella 

Hymenoptera adults 
Ceratopogonid larvae 
Ephemeroptera nymphs? 
Sialis larvae 
Trichoptera adults 
Arachnida 

Ostracoda .. 


Intestine 
Stomach 
Intestine 


Intestine 


tog ~ 
clo” 
wo 


Number of fish with food... : | 

Mean total length (centimeters).. é 7.3 

Standa-d deviation of mean | 0.6 | 
1Represents combined Daphnia and Leptodora found in intestine. 


2Composed of Neocloeon and an occasional Hexagenia. 
®*Trace. 


o 
oon 


POSITION OF THE F'ooD IN THE ALIMENTARY TRACT 


When fishes eat certain foods, it is evident from the relative state of - 
digestion that some items are of recent ingestion while others have been 
retained for a longer time. The examination of stomachs and intes- 
tines of white perch as has been mentioned, then, gives a view of the 
contents of the alimentary canal in the various stages of digestion. If 
feeding habits are collectively similar in the population sampled, then 
the position of the various food organisms in the digestive tract should 
show similarity. A series of collections, such as has been described, 
should show a similar progression of the organisms. When the posi- 
tion of the various organisms eaten by these young pereh was con- 
sidered, this expectation was fulfilled. 

In the 1940 collection, taken at 9:30 p.m., it was the consistent posi- 
tion of a certain species of Chironomus pupae that attracted attention 
to a consideration of this subject. The pupae were present in 75 per 
cent of the 50 specimens examined and when present, occurred only 
in the esophageal region of the stomach ;* the remainder, and bulk, of 
the stomach contents was composed largely of Cladocera (mostly 
Daphnia) and Tanytarsus larvae. Cladocera and Tanytarsus larvae 
also comprised the food of the specimens not having any of the pupae 
present. Similar results were noted in the summaries of the 8:30 p.m. 
collection of 1941. Instead of the Chironomus pupae, the most recent 
food in about 60 per cent of the 50 fish examined consisted of a small 
winged ant (Formicidae), and scuds (Hyalella). The ant adults had 


4In one specimen, the entire stomach was filled with pupae. 
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apparently become strewn tipon the water’s surface during or follow- 
ing nuptial flight, and the young white perch in the 8:30 p.m. collec- 
tion had just begun to feed upon them. As in the previous year’s col- 
lection, the remainder (and the greatest volume) of the stomach con- 
tents was Cladocera and Tanytarsus larvae. 

It is not illogical to assume that the Cladocera which formed the 
‘bulk of the food in the first collection, were the result of deep-water 
feeding prior to movement into shoal water, while the recently injested 
ants and scuds were the result of shoal feeding. The appearance and 
position in the stomach of Hyalella, mayfly nymphs, Sialis larvae, 
Trichoptera adults, ete., in the 11:30 p.m. and the 2:30 a.m. collections 
are also interpreted as the results of littoral feeding. The nature of 
this relationship is brought out by the graphical summary of the data 
of Table 2 (Figure 1). The volume of Cladocera eaten dropped off in 
both stomach and intestine after the 8:30 p.m. collection, while the 
volume of ‘‘littoral organisms’’ increased. It should be remembered 
that increasingly fewer feeding individuals are represented in the 
estimates after the initial collection. In fact, no computations of per- 
centages were possible for the single stomach that contained any quan- 
tity of food in the 4:30 a.m. collection. 

The consideration of the individual diagrams of the foods in the 
stomach suggests that when an individual began to feed upon a par- 
ticular organism, it continued feeding upon that organism until it was 
distracted, or for some unknown reason, turned to feed on others. The 
examination of typical stomach diagrams (Figure 2) illustrates this 
point adequately. Frequently with the intact stomach contents, it was 
possible to tease out in ‘‘pure culture,’’ the closely compacted clusters 
of organisms in the order in which they presumably were eaten. 


PROGRESSION OF Foop 


Since the stomach contents examined exhibited the unexpected drop- 
off in ‘‘fullness’’ discussed previously, certain anticipated studies of 
food progression could not be carried out. It is still informative, how- 
ever, to follow certain organisms through the digestive tract. 

If the chironomid larvae and Cladocera were eaten in the deep-water 
habitat and the ant adults and scuds were eaten in the shoal habitat, 
then these organisms would be expected to maintain the same relative 
positions as they moved along the digestive tract, assuming that varia- 
tions in digestibility:.of the organisms did not cause different organ- 
isms to move at different rates... Such a relationship would be appar- 
ent, however, only if individuals in. the population tended to feed col- 
lectively in a similar 

Figure 3 shows the pereentage frequency of occurrence of these four 
organisms in the intestine by collection (from data in Table 3). It is 
immedately apparent that the plotted values for Cladocera and chiro- 
nomid larvae behave in a similar way, as do the graphs for ant adults 
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Table 3.—Percentage frequency of occurrence of chironomid larvae, Cladocera, 
Hyalella, and Hymenoptera adults in the three sections of the intestine (designated 
by Roman numerals—see Fig. 2b) in four collections of young white perch from 
Bantam Lake, Connecticut. 
[Based only on specimens containing food] 
| Chironomid | Hymenoptera 
larvae Cladocera Hyalella adults 
Time of collection BBE BEBE ABBE 
16 | 60 | 44 | 21 0 | 0 | 0 0 | 0 0 
37 | 36 | 38 | 39 | 42 | 12 0 | 67 | 30 


28 4] 12 | 25 | 29 | 47 | 30 | 27 | 50 
19 0 6 | 15 | 29 | 41 | 70 6 | 20 
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Figure 3.—Progression of food through the intestine of young white perch from 
Bantam Lake. The percentage frequency is based only on the specimens contain- 
ing food. The Roman numerals refer to sections of the intestine (see Figure 2b). 
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and scuds. Verbal descriptions of all the relationships would be space. 
consuming and unnecessary. As an example, however, the interpreta- 
tion of the graphic summary of the ant adult is given. In the 8:30 
p.m. collection no ants were present in the intestine; in the 11:30 p.m. 
collection a peak occurred in Section I; in the 2:30 a.m. collection the 
peak was in Section II; and in the 4:30 a.m. collection the peak was 
in Section III. The interrelationships of the other organisms may be 
followed through by study of the figures. 

When the position of the stomach food is summarized in the same 
way, the same similarity exists between the movements of the ants and 
scuds and between the movements of Cladocera and chironomid larvae. 
Since only the 8:30 and 11:30 p.m. collections have reliable informa- 
tion, the stomach data are not sufficiently reliable to warrant discus- 
sion or graphical representation. 

An interesting note may be made on rate of digestion. The ant 
adults and Hyalella that were just entering the esophageal region of 
the stomach in the 8:30 p.m. collection, had reached a peak of abun- 
dance in the lower end of the intestine by 4:30 a.m. after a time lapse 
of about 8 hours. 

I wish to thank Lyle M. Thorpe, Thomas Austin, Ralph Huey, and 
Robert Moss, all of the Connecticut Lake and Pond Survey Unit, for 
assistance in obtaining the material and Priscilla Webster for assis- 
tance in preparing the manuscript. 


THE EFFECT OF COVERING HATCHERY TROUGHS ON THE 
GROWTH OF CUTTHROAT TROUT (SALMO CLARKII) 


C. A. Tryon, JR. 


Department of Zoology and Entomology, Montana State College, 
Bozeman, Montana 


ABSTRACT 


An experiment was designed and carried out to test the effect of covered 
troughs upon the growth rate of cutthroat trout. Analysis ef the resultant 
data showed the trout in open troughs to have a significantly greater growth 
rate than those in covered troughs. The growth rate in open troughs was 

greater by 13.8 per cent. 


INTRODUCTION 


In the Federal fish hatchery at Bozeman, Montana, it was observed 
that grayling in the troughs receiving more light appeared to be larger 
than those receiving less light. A preliminary experiment was made 
with grayling using a cover for one trough which completely cut out 
the light. The results from this indicated a difference in growth rates 
between covered and uncovered troughs. 

In hatcheries in general there is considerable discrepancy in the ex- 
tent to which covers are used on troughs. As no critical test had been 
made of the effect of covered troughs on the growth of fish, as far as 
the author knew, an experiment was designed to determine this effect. 
A species of trout, Salmo clarkui, was used as it was believed that the 
results would be of more general application than if grayling had been 
used. 

From the preliminary experiment it also appeared that the number 
of fish used might contribute some bias to the results and for this rea- 
son different densities of fish were included in the design of the experi- 
ment. Lack of trough facilities, however, made it impossible to test 
more than two different densities. 


EXPERIMENT 


The experiment was carried out at the Bozeman Federal hatchery 
from October 28 to December 16, 1940. Twelve lots of cutthroat finger- 
lings were used. Of these six were kept completely covered so that 
practically no light entered and the other six were left in uncovered 
troughs. Under each of these treatments, three troughs contained 200 
fish each and three contained 400 fish each. Approximately the upper 
one-half of a standard hatchery trough was used for each lot of fish. 
All troughs were supplied with water directly from the head trough 
and the temperature was not variable between troughs. The same food 
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and proportionately the same amount of food was fed each lot. Lots 
were assigned to the troughs by randomization. 

The criterion used to represent the growth rate of the trout was the 
average gain in weight per fish per week. The lots were weighed week- 
ly for 7 weeks and the weights of each lot divided by the number of fish 
in the lot. An accurate record was maintained of the mortality and 
the numbers of the fish. 

Table 1 shows the weights of the lots of fish as taken at weekly inter- 
vals and the number of fish in each lot at that time. Figure 1 is the 
result of plotting the average, individual, weekly weights by treat- 
ments against:the weekly time interval. 


PROBLEM 


A consideration of the data as represented graphically does not yield 
the desired information as to the effect of either covered troughs or 
numbers upon the growth rate of the trout. However, there appears 
to be differences in the growth rates under the different treatments. A 


Table 1—Showing weight in ounces and the number of fish in each lot at the time 
of the weekly weighings 


Weeks 


mm 

| 2 | 16.0 | 400 | 185 | 400 | 20.3 | 400 | 22.7 | 399 

400 2 | 15.3 | 400 | 17.3 | 400 | 19.7 | 399 | 220 | 397 

eet | 3 | 14:9 | 400 | 16.9 | 400 | 19:7 | 400 | 21.4 | 398 
4 9.0 | 200 | 10.7 | 200 | 11.6 | 200 | 12.3 | 200 

200 5 7.6 | 200 | 8.7| 200 | 9.2 | 193 | 10.7 | 192 

6 8.0 | 200 | 9.4} 200 | 10.5 | 199 | 11.5 | 199 

| 7 | 14.8 | 400 | 17.0) 397] 19.3 | 397 | 22.0 | 397 

400 8 | 15.0 | 400 | 17.5 | 398 | 19.4 | 398 | 22.4 | 396 

a ees 9 | 15.7 | 400 | 180] 400 | 210 | 400 | 23.6 | 398 
10 | 8.6 | 200 | 9.7 | 200 | 11.3 | 200 | 12.8 | 200 

200 | 11 7.8 | 200 | 8.9 200 | 10.2 | 200 | 11.7 | 200 

12 | 7.7 | 200 | 8.8 | 199 | 10.1 | 199 | 11.6 | 199 


2 
1 25.5 399 8. 398 396 35.0 395 
400 24.8 397 a 397 397 33.0 397 
5. 
200 3 
4. 
| | 


wr 


Fee 


0 1 2 3 
Weeks 
4 5 6 7 
14.8 | 200 | 16.3 | 200 | 18.6 | 199 | 20.0 | 199 
200 13.5 | 200 | 14.9 200 | 18.0 | 200 | 18.8 | 200 
13.3 199 14.5 199 16.7 199 17.8 198 
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GRAMS 


> 
WEEKS 
Figure 1.—Showing the average individual weights of the trout in different treat- 
ments as plotted against the weeks the experiment ran. Dotted lines represent 


the treatment without covers and solid lines the covered ones. The numbers at the 
end of the lines refer to the numbers of fish used in the treatments. 
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possible solution could be that the variations found in the data associ- 
ated with the different treatments constitute a single normal distribu. 
tion—that is, such variations are not significant. The standard design 
for an analysis of covariance is a suitable method for testing this 
hypothesis (Snedecor, 1940). Prior investigations have shown that 
it is necessary to transform original data of this type into logarithins 
in order to make use of the design. 


Table 2 gives the corrected means of gains per fish per week by 


lots. The means have been averaged for two treatments, one covered 
and the other uncovered. 


Table 2.—Showing the corrected means of gains per fish per week by lots. 


Item | } Means of Average 
Number Gains for 


| 

} of fish Lot No. (grams) Treatment 
0.1922 

0.1863 

0.1636 0.1806 
0.1705 | 

0.1846 

0.1866 

0.2023 

0.2176 

0.2084 

0.1988 

0.2021 

0.2048 


400 
| 


| 400 


| 200 


| 


CoNCLUSIONS 


The value for f for the treatment in which covers were used is larger 
than the 1 per cent level in the tables of the F-distribution ; the effect 
due to use of covers is thus judged to be highly significant. The f 
value for numbers is much less than the 5 per cent level—hence, the 
effect of numbers is not significant. The interaction between covers 
and numbers is also found to be not significant, indicating that the 
influence of covers is consistent at the different densities. 

The evidence shows therefore, that there is a significant difference 
in the growth associated with the use of covers on the troughs. An 
average of the corrected means of the gains per fish per week indi- 
eates that those raised in troughs without covers showed the greater 
growth rate. The growth rate of these fish was 13.8 per cent greater 
than those raised under covers. 

The limitations of the results are recognized. In regard to the use 
of the results in the practice of fish culture, they point chiefly to the 
necessity of further experiments on the effect on growth of partly 
covered troughs and perhaps also, of disturbance. By disturbance I 
refer to that caused by normal hatchery operations; an effect that acts 
upon the fish in open troughs but not upon those in the covered ones. 
As this effect was omitted from the design of the experiment, there is 
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no way to control it in the analysis of data and no way to estimate even 
whether its effect is positive or negative. In experiments where growth 
rate is used as a gauge of the effects of some particular treatment upon 
fish, the results point to the need of considering the factor of relative 
light as a possible source of bias. 
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RESEARCH IN STREAM MANAGEMENT IN THE PISGAH 
NATIONAL FOREST 


Tuomas K. CHAMBERLAIN 


U. S. Department of the Interior, Fish and Wildlife Service, 
San Carlos, Arizona 


ABSTRACT 


Five years of experimental stream management with 150 miles of trout 
stream, divided between six watersheds, resulted, after various manage- 
ment practices were tried, in an increase of approximately 300 percent in 
anglers and in number of fish caught. After the first year, all hatchery 
fish were marked by fin clipping before being planted. Recoveries from 
plantings made at different seasons showed a five fold increase in recovery 
of spring planted legal-sized trout over trout of near equal size planted in 
the fall. During the last years of the experiment, emphasis was placed on 
stocking mainly with legal-sized trout in the spring. Success indicates 
that this method is the best means of meeting increased fishing demand. 
Unfavorable practices, such as closing a stream to fishing every other year, 
were discontinued. Because of the requirement that a complete creel cen- 
sus be taken over wide-spread fishing areas with a limited personnel, a 
fishing schedule was evolved, staggering the open days for the different 
streams under an arrangement called “The Pisgah System.” While the 
system permitted only one watershed to be opened at a time, it was found 


adequate to meet the increasing fishing intensity by spreading the fishing 
fairly evenly. 


INTRODUCTION 


The well-watered, forest-covered mountains of the southern Appala- 
chian range comprise a trout fishing area which, until recently, has 
escaped full appreciation. Formerly difficult of access and jealously 
held by a limited population of fiercely independent mountain folk, 
the country was not opened to the free passage of the public until 
the coming of the lumber industry forced a complete change in the 
general living conditions of the great majority of its people. The 
construction of roads destroyed the old privacy while the logging 
operations, completed for the most part only since the First World 
War, forced many of the mountaineers from their long-held home- 
sites. The change was completed when much of the mountain country 
was taken over by the Federal government to be made into national 
forests. In developing the wildlife possibilities of these forests the 
U.S. Forest Service, with the cooperation of the U. S. Fish and Wild- 
life Service and of various State conservation agencies, has inaugu- 
rated wildlife management practices which have already borne fruit, 
enjoyed by both the sportsmen and the lovers of wildlife for its own 
sake. A great section of the East, extending hundreds of miles south 
of the Mason-Dixon line, where many northern anglers did not know 


that trout occurred, is taking its rightful place as one of the outstand- 
ing trout areas of the country. 
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Looking to the intelligent development of the angling possibilities 
of this region, the U. 8. Forest Service and the U. S. Bureau of 
Fisheries (now a part of the Fish and Wildlife Service) made a co- 
operative agreement several years ago, one phase of which pertained 
particularly to the creation of efficient stream-management practices 
for each of the wildlife management areas in the southern Appala- 
chians. An experimental area was established in the Pisgah National 
Forest of western North Carolina, through an agreement entered into 
February 4, 1937. At first the experimental area consisted of the 
100,000-acre Pisgah Game Preserve over which the Forest Service held 
full wildlife jurisdiction. To this, with the consent of the State au- 
thorities, was added the adjoining 30,000-acre Sherwood Wildlife 
Area. From an administrative viewpoint, the two wildlife units be- 
longed together as each was included in the Pisgah Ranger District. 
From an experimental viewpoint, the two wildlife units also belonged 
together, for their approximately 150 miles of trout streams, divided 
into six main watershed groups (Fig. 1) presented a sufficiently ex- 
tensive experimental area to have significance and at the same time 
covered most of the types of trout waters found in the region. 

The project was begun under the immediate supervision of the late 
W. M. Keil, Assistant Biologist, U. S. Forest Service. After Mr. Keil’s 
death in January 1939, the author was in charge until the spring of 
1942, when the project was considered essentially completed. 

Mr. Keil favored the stocking of large trout, a policy he had advo- 
eated for years. This idea may be considered the backbone of the 
Pisgah experimental work, although test plantings of smaller trout 
have been made. Mr. Keil also located the rearing station where trout 
were reared for the experimental work, which was built according to 
his specifications and proved particularly satisfactory. It was also 
fortunate that the station had in succession two very capable foremen, 
Reuben O. Knuth and Gerald Bock, who made the most of the facili- 
ties available and materially assisted in the scientific work by marking 
the trout planted and by otherwise cooperating in every manner 
possible. The Forest Service personnel has carefully and efficiently 
planted the trout, when, where, and as directed to do so, and, with 
equal efficiency and care collected the cree] census data at the checking 
stations. The writer was thus fortunate in having the project well 
started before he took over and in having every contributing factor 
favorable. 

The trout waters of western North Carolina, Georgia and eastern 
Tennessee are characterized, for the most part, by absence of lime 
stone. The streams are maintained by a fairly heavy and constant 
rainfall which varies from 25 inches to as much as 100 inches an- 
nually in certain limited sections. The water seeps through the half 
grown second growth forest to become slightly acid but flows in the 
rocky stream beds soft, pure, and clear, remarkably free from sedi- 
ment and all dissolved substances. 
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EXPERIMENTAL STREAMS 
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Figure 1—Map of experimental area of the Pisgah National Forest in which 
stream-management studies were conducted 
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The streams of the Pisgah Game Preserve and of the Sherwood 
Wildlife Area are quite typical of these southern Appalachian waters. 
While varying among themselves, as a whole they may be considered 
representative. Other southern Appalachian streams probably are 
better trout waters than any in the experimental area while many are 
worse, but determinations made in the experimental area should apply 
equally well to the rest of the region. 


The Pisgah Game Preserve and the Sherwood Wildlife Area to- 
gether make an excellent experimental unit; both are trout areas, yet 
there are appreciable differences. The Preserve is on the southern slope 
of a mountain range, has warmer water on the average in which the 
rainbow (Salmo irideus) is the dominant species of trout, with the 
brook trout (Salvelinus fontinalis) persisting in the smaller tribu- 
taries. There is a limited population of brown trout (Salmo trutta) 
in the lower waters of two streams. The Sherwood, on the other hand, 
has a more nearly northern exposure. The colder water permits con- 
ditions favorable for brook trout to exist over most of the area and 
only this species is planted. Some rainbow trout which have migrated 
from private waters further downstream occur in the lower portions of 
two of the larger streams. 


The original trout population throughout the southern Appala- 
chians, just as further north, was the eastern brook trout. But the 
western rainbow trout was introduced even before extensive lumbering 
operations were undertaken. This species eventually came to dominate 
nearly all the larger trout streams, and many of the smaller ones as 
well. While no one questions the merits of the rainbow trout, a strong 
sentiment favors retaining as many brook trout waters as possible. 
The larger Sherwood streams had been given over to rainbow trout at 
one time, but the destruction of the fish population as the result of a 
forest fire permitted a fresh start. This was several years before the 
area was used for the experimental work. 


With the coming of the Civilian Conservation Corps camps in 1933 
and 1934, new forest roads were constructed throughout the region, 
which later became the experimental area. At first the importance of 
treating both roads and roadbanks to prevent erosion was not realized. 
The extensive erosion which developed and which was intensified by 
several cloudbursts during 1936, 1937, and 1938 decreased appreciably 
the trout-carrying capacity of the streams in the experimental areas, 
as well as many others in the southern Appalachians. Many plantings 
of trout were more or less completely washed away by the silt-loaded 
water. The improved recoveries of the plantings of trout made dur- 
ing 1939, 1940, and 1941 over.those made in the earlier years may be 
credited in part to the fewer floods, resulting in less erosion, and to the 
new and very efficient practice of the Forest Service in producing 
plant growth on the roadbanks according to the method developed by 
the Appalachian Experimental Station. 
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Streams INCLUDED IN EXPERIMENTS 


The streams used in these experiments belong to two logical groups 
according to the wildlife area in which they are found, the Pisgah 
Game Preserve or the Sherwood Wildlife Area. 

In the discussion of the individual streams of the Pisgah Preserve, 
the Davidson River with its group of tributaries logically comes first. 
Quite aside from the ability of this stream to furnish good fishing, the 
Davidson undoubtedly has more friends among the fishermen of the 
community than has any other stream on the experimental area. It is 
true that the stream is particularly accessible to the angler, but its 
friends are not restricted to this group, sinée it is a beautiful mountain 
stream in itself, arising in several small tributaries high on the slopes 
of the Pisgah Ridge and tumbling over boulders and rocks through 
some 13 miles of forest-banked main stream, finally to leave the 
National Forest and enter the French Broad River. 

Burrows (1935) estimated the stream as B+ in pool grade with 
an average width over the main section of 47 feet, a depth of 14 inches 
and a volume of 35,000 gallons per minute. The bottom is predomi- 
nately rubble, with boulders second in prevalence. 

The river has a number of tributaries of varying importance as 
trout streams, of which eight have been included in the stream man- 
agement program. These are the following creeks: Shuck, Daniel 
Ridge, Fork, Laurel, Cove, Grogan, Lookingglass and Avery. The 
latter two and the Cove are the most important. The Lookingglass 
has a volume of 12,000 gallons, the Avery 4,500 and the Cove 2,800. 
Together the eight streams listed have about 20 miles of fishing water, 
bringing the total for the Davidson drainage to over 30 miles. 

During the summer, drift organisms, or those insects which live on 
land but have fallen into the water, constitute an important portion 
of the fish food in all streams, but for the year as a whole, those 
organisms which live on the stream bottom are definitely the most 
important source of the food of trout. In the Davidson, where many 
hundreds of square feet of stream bottom were examined, the average 
weight of organisms per square foot ran from about one and a half 
grams in midsummer to a little over half that in mid-winter. 

The South Mills River, or South Fork of the Mills River as it should 
more correctly be called, furnishes a contrast to the Davidson. The 
main stream in the forest is half again as long as the Davidson or 
approximately 21 miles. The upper third is largely bedrock, the 
middle third boulders and the lower rubble. The stream warms by 
late spring to such an extent that conditions are not satisfactory for 
trout fishing from that time on, although in the upper portion and in 
the upper half of the middle portion, limited fishing is possible 
throughout the season. 

Burrows gives the South Mills a slightly greater volume than the 
Davidson, an average width of 35 feet and a depth of 15 inches. The 
pool grade i is given as the same as the Davidson, or B+. 
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It is difficult to evaluate the richness of the stream in bottom food 
organisms due to the problem of taking bottom samples which might 
be considered truly representative. In the bedrock section there are 
few organisms per unit area while among the boulders the situation is 
not much better. The stream as a whole must therefore be ranked low 
in food organisms, probably less than I gram per square foot even in 
summer. 

The South Mills has five tributaries that were included in the ex- 
perimental setup. Much the most important is Bradley Creek, with 
its length of 10 miles and its average volume of 9,000 gallons per 
minute, an average width of 16 feet and an average depth of 10 inches. 
The Slaterock, Cantrell, Thompson and Poplar Creeks are smaller, 
adding, together, another 10 miles of trout water. 

Third stream in importance in the Pisgah is the North Fork of the 
French Broad. This watershed is quite the richest in the preserve 
in bottom food organisms, but is smaller than either of the preceding 
streams. The portion of it included in the stream management pro- 
gram is not quite 5 miles, but in addition, there are two important 
tributaries, Courthouse and Kiessee, and two smaller ones, Beetree 
and Mills Station which add an additional 9 miles. 

Burrows assigned to the North Fork of the French Broad the high- 
est possible pool grade and this applies equally well to the Courthouse 
Creek and Kiessee. The food organisms ran at about 2 grams per 
square foot through the spring and summer, dropping to 0.75 gram 
during the winter. 

The fourth and last watershed included in the management project 
is the North Mills, or North Fork of the Mills River. It is smaller 
even than the North Fork of the French Broad and considerably less 
productive. Burrows estimated its length as 7 miles, and recorded an 
average volume of only 8,000 gallons per minute, a width of 14 feet 
and a depth of 8 inches. The stream bottom consists of boulders and 
rubble. A small tributary known as the Wash adds about 3 additional 
miles of rather weak trout water. Another and more important tribu- 
tary known as Big Creek is not available for fishing purposes as its 
water is taken for a town water supply. 

Altogether there are approximately 46 miles of main stream and 52 
miles of tributary water, or 98 miles of trout stream in all, actually 
under stream management in the Pisgah Game Preserve. 

In the Sherwood Wildlife Area all trout waters are branches of the 
Pigeon River. The two main branches are the West Fork and the 
Big East Fork. A small third branch is the Little East Fork which, 
for administrative purposes, has been grouped with the West. Fork. 
The West Fork, in turn, consists of three prongs, known as the Left, 
Middle, and Right. Altogether with various small tributaries, these 
branches of the Pigeon furnish some 50 or more miles of brook trout 
streams. The largest of the individual streams is the Big East Fork, 
though this is somewhat smaller than either the Davidson or the 
South Mills, 
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The Big East Fork has a bottom of boulders and rubble and is only 
moderately rich in food organisms, running about 1.25 grams per 
square foot. Also, it has less shade than the other branches and so 
becomes somewhat warmer. The Left Prong of the West Fork is the 
richest and best of the three prongs of that fork of the Pigeon. It is 
quite percipitous, flowing over boulders and some bedrock, and, where 
rubble does occur, is fairly rich in organisms, with an average of 
probably one and a half grams per square foot. The Middle Prong 
is a little less rich while the Right Prong is very nearly barren of all 
food. The Little East Fork is the richest of all branches of the 


Pigeon, fully equalling the best sections of the North Fork of the 
French Broad. 


METHODS 


As originally planned by Keil, the experimental project called for 
trout of as large a size as could be raised by that time to be planted 
in the fall. To enable the fish to become as large as possible before 
being caught, streams were to be opened to fishing only every other 
year. It was believed more desirable to produce limited good fishing 
for a few rather than just fair fishing for the many, so not only was 
fishing restricted to a very limited number of fishing days during a 
season, but only a limited quota of fishermen were allowed upon the 
streams on any given fishing day. Some fish were to be marked before 
being planted, but not necessarily all. All fish caught, however, were 
to be taken to checking stations to be examined and noted as to spe- 
cies, size, and marks, if any. From the catches made and from bottom- 
sampling studies showing the degree of richness of the streams in 
trout food organisms, intelligent modifications of stocking rates could 
be made. It was understood, however, that the above program was but 
a start, to be modified at any time as seemed best. 

Fish-checking stations were set up at all convenient points to take 
care of the various streams as opened. Personnel to man the checking 
stations on open days was furnished by the U.S. Forest Service. Data 
from the checking stations were to be given to the project leader, and 
made available to both Services. 

Modifications of the plan as originally set up became necessary, 
practically from the start. Adaptations had to be made to meet spe- 
cial conditions. For example, the waters were too far apart to permit 
opening all streams on the same day if all anglers were to be properly 
checked in and out, for limited personnel did not permit more than 
one or two checking stations at a time. Consequently, only one water- 
shed could be opened on a given day. Also, it was found advisable 
to restrict fishing to week-ends since at first there were too few anglers 
at other times to justify operation of checking stations. 

As better fishing induced more and more anglers to try their luck 
in spite of the dollar-a-day fishing permit charge, it soon became 
apparent that restrictions on the number of anglers were working a 
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hardship on an increasing number of individuals. There was a tend- 
ency toward an undemocratic condition of privilege for the few and 
disappointment for the many. So, at all costs, it was decided to 
remove restrictions on the number of anglers participating. But this 
resulted in overcrowding, particularly on certain days. 

Originally, fishing was allowed on a given stream for from three to 
five or more successive days, once or twice in a season. It was found, 
however, that not only was fishing much the best on the first day, 
when the stream was most crowded, but, also, that both the number 
of anglers and the average catch per angler dropped materially there- 
after. Tests showed the decline in fishing was not due to capture of 
most of the fish, but to the fact that the survivors were too frightened 
to strike readily within the next few days. 

Another practice was to state at the beginning of the season that, 
after a certain number of fish had been removed, the stream would be 
closed for the duration of the season. This meant that only on open- 
ing day could a fisherman feel sure he could fish a given stream and 
resulted in uncomfortably crowded conditions the first day. 

From such experience, the ‘‘ Pisgah System,’’ of ‘‘every fishing day 
an opening day,’’ was developed. This system will be discussed in 
detail later. 

Another change from the original plans was concerned with the 
alternate annual opening and closing of streams. This was attempted 
with most of the streams for several years, but was finally given up 
for a number of reasons. The steadily increasing fishing meant in- 
creasingly crowded conditions on those streams which were opened. 
Whether due primarily to the many floods during the early years or 
to the fact that the streams, for the most part, were not sufficiently 
rich in trout food organisms to satisfy and hold hatchery fish over 
the winter, it became increasingly evident that many of the planted 
trout, particularly those planted in the fall of the year or as 3-inch 
fingerlings in mid-summer, disappeared before the following season. 
It is known that some dropped downstream out of the national forest 
waters. Furthermore, the planted trout which persisted through ‘a 
closed season rarely made a sufficiently impressive growth to compen- 
sate for the decrease in numbers. 

The marking of planted trout proved to be of more importance in 
the experimental work than had at first been realized. After 1937, 
nearly all trout planted were first marked by clipping off one or two 
fins. The first year, 1937, only a few plantings were marked. It was 
found that when sharp clippers were used and the fin removal was 
complete and close to the body of the fish, regeneration of the severed 
member apparently never occurred. In clipping the fins of thousands 
of trout, ‘‘slips’’ obviously were made and incomplete jobs done. 
More or less complete regeneration then took place which often caused 
the marking to be overlooked. There is little doubt that figures for the 
recoveries of marked trout do not do full justice to the actual recover- 
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ies made. High as the reported recoveries seem to be in some in- 
stances, the actual recoveries were probably higher. 

At first, single fins were clipped, such as the adipose fin, or right 
or left ventral. It was intended to give each planting a specific mark 
of its own. When the supply of single fins suitable to clip ran out 
combinations of fins were tried. The choice of these combinations 
was sometimes unfortunate, as, for example, a spring planting in 
which both pectorals were removed. While the recovery figures from 
this planting were excellent, showing that the handicap of the par- 
ticular amputations did not noticeably reduce their chances of sur- 
vival, the appearance of the fish was such as to cause considerable 
resentment on the part of the fisherman, who also claimed that the 
trout so marked were unable to strike at a fly accurately, missing 
much more frequently than normal fish. 

While the marking of all trout seemed esesntial in a program such 
as that undertaken, it was quickly realized that such marking may be 
overdone. At first, plantings made in the individual tributaries of a 
stream were given different markings. It was hoped to learn some- 
thing of the migration of the fish within the watershed by this means. 
A little such information was obtained, but only a small proportion 
of this came from the creel census, as anglers, who often covered an 
entire watershed in a day, rarely recalled, or were unable to make 
clear, exactly where they had caught individual fish. After 1938, 
when the main interest was to determine the relative value of plants 
made at different seasons of the year, all plantings made during a 
given season received the same mark. 

Three seasons of stocking were recognized : Summer, when plantings 
of 3-inch fingerlings were made; fall, when the fish were at least 5 
inches long and usually from 6 to 714, or even 8 inches; and spring, 
when trout were planted which had been carried through the winter 
from the year before. Practically all these latter trout were at least 
8 inches in length, with some individuals 10 inches or even a little 
longer. 

The planting of marked trout was commenced in the Pisgah Game 
Preserve in 1937, where approximately two-thirds of the trout planted 
were marked. Unfortunately, although 10,000 good-sized brook trout 
were planted in the Sherwood Wildlife Area in 1937, none was marked. 
In that area the first marked trout were planted in the fall of 1938 
and so do not appear in the catches until 1939. 

A point to be kept in mind is that in the Pisgah Game Preserve 
where the rainbow trout predominates and the brown trout has a 
limited position, artificial lures only may be used. Also, for the 
above species, during the period of the experiments, 8 inches was the 
minimum length at which they might be legally taken. In the Sher- 
wood, on the other hand, where the brook tront is nearly the only 
species found, live bait was permissible and the legal minimum length 
was 6 inches. This may account, in part, for the fact that the average 
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weight of the individual trouf taken in the Pisgah Preserve was half 
again greater than for the trout in the Sherwood area. 

Before leaving the subject of methods, a word should be said con- 
cerning actual stocking practice as it was supposed to be followed at 
all times during the period of the experiments. Mr. Keil proved to 
the satisfaction of the writer that the full benefits of planted trout 
may be had only when they are slowly and laboriously spread out, 
preferably with the aid of pack-cans from supplies held in live boxes. 
While the size of a stream must guide the efforts of the one doing the 
planting, and allowances must be made not only for variations in 
capacity of streams but for different portions of the same stream, Mr. 
Keil insisted that at any given time not more than three or four should 
be placed in a pool or other quiet section of water, though the same 
pool might be planted at intervals during the same day. Hatchery 
trout associate food with the crowded conditions of hatchery holding 
ponds. Where dumped in batches, not only are they more easily 
caught by natural enemies, but their artificially developed gregarious- 
ness delays their ‘‘return to nature’’ and natural food habits. It has 
been observed, when these schools of freshly planted hatchery fish are 
ereated, that they frequently tend to drop down stream en masse. 
Certainly such planting gives the hatchery trout the poorest start 
possible for their wildlife and materially offsets the care devoted to 
these fish during the months they were reared in the hatchery. 


EXPERIMENTAL WORK 


The experimental work was performed against a background of 
trout fishing, since the final proof of stream management must be the 
degree to which it improves fishing. Table 1 gives a summary of the 
fishing for the experimental area for each year over the entire period. 

As explained under the section entitled ‘‘ Methods,’’ while a general 
idea was had at the start of what was wanted, the means of obtaining 
this end was by no means rigid, so practices were continually modified 


Table 1—Summary of five years’ fishing for the entire experimental stream 
management area 


Item |. 1937 | 1938 | 19389| 1940] 1941| Total 

Fisherman days (number of anglers)* 1,091] 1,112] 1,605] 2,829] 3,563] 10,200 
Total catch of trout 6,322| 5,527) 7,667|14,310/ 18,373) 52,199 
Number of trout in average catch meet 5.8 5.0 4.8 5.1 . 5.1 
Weight of total catch, to nearest pound............ 1,068} 1,361| 2,744] 3,699 
Weight of average catch, to nearest ounce........ 15 14 16 17 
Weight, in ounces, of average trout caught...... 2.84) 3. 
Total plants of hatchery trout 17/24,2 
Marked ‘hatchery trout in plants subjected to 


normal fishing 16,817|20,234/ 17,592) 77,678 


Number of marked trout caught. 1| 1,218] 7,013] 10,912) 19,384 

Percentage of marked trout in average catch.... 0 4 16 4 59 

Total unmarked trout taken 6,322| 5,286] 6,449) 7,301| 7,461) 32,819 
5.8 4.8 4.0 2.6 2.1 3 


1Angle’s fished an average of about 7 hours per fisherman day. As anglers paid $1.00 for 
each day of fishing, they wsually spent most of the day on the stream, making the day the 
logical unit of fishing effort in this case. 

2Does not include trout planted after close of fishing season. 
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when proved unsuited to meet new conditions. Mistakes were made 
which had value in showing what should not be done. After the work 
was completed and a record of improved fishing produced, the in- 
formation gained was compiled into several more or less interwoven 
groups of facts, which will be discussed under several headings, al- 
though the material all bears on the one essential problem of adding 
to our knowledge of stream management. 


SEASONAL STOCKING EXPERIMENTS 


All plantings of marked hatchery trout in the experimental area 
may be divided into two main groups. In the first are those subjected to 
normal fishing each year after they were planted. In the second group 
are those planted where they were not exposed to normal fishing. 
Among these latter are plantings made in certain small out-of-the-way 
tributaries rarely reach by anglers, and a number of plants, most of 
them in the fall, in streams that were closed to fishing the following 
year. These last were made in 1937, 1938, and 1939, when the experi- 
mental area was subjected to floods, and at the same time erosion was 
heavy due to the raw condition of the road banks of the newly built 
forest roads. This was a combination of adverse factors believed re- 
sponsible for the washing away of many of the freshly planted fish. 

In comparing the relative merits of plants of trout in the summer, 
in the fall, and in the following spring, it seems only fair to limit com- 
parisons to those continuously subjected to normal fishing. Of the 
138,611 marked and unmarked trout which were planted in the 5-year 
period preceding the close of the 1941 fishing season, a total of 77,678, 
or 56 percent of the grand total, divided between 39 separate plant- 
ings, were marked and planted where they would be properly and nor- 
mally fished. Five of these were summer plantings of 3-inch finger- 
lings, 16 were plantings made in the fall of the year of trout from 5 to 
8 inches in length, but mostly over 6% inches, while 18 were plantings 
of trout carried through the winter and stocked in the spring as 7 to 9 
inch trout. Table 2 gives a summary of the recoveries made according 
to species and season. In the same table are the average weights for 
these grouped plantings, when made and for each season after plant- 
ing, when this information is available. Tables 3, 4, and 5 give details 
of plants for each species. 

Since all these plantings are considered normal, it is unnecessary to 
discuss each individually. Two of the seasonal groups consisted of 
legal or near legal-sized trout which were immediately available to 
anglers the next season. They were the trout planted in the fall and 
trout of the same year class carried through the winter and planted 
the following spring. These plantings will be considered separately 
from the group designated as containing summer plantings. The sum- 
mer plantings consisted of small 3-inch fingerlings that, planted dur- 
ing one fishing season, were rarely big enough to keep the following 
season and, consequently, were in the streams 2 years before being of 
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Table 2.—Summary of recoveries and average weights of marked trout Pisgah 
Game Preserve and Sherwood Wildlife Area 


Average weight in ounces 


Eo Ea 25 Se 52 
53 | 4 | 33 | 22 | 33 
Species Zk Es & Qa 
Summer planted trout (ave:age length 3.0 inches) 
Rainbow 30 0.8 4,000 0.21 4.00 
26 0.7 4,000 0.14 3.91 
All species .... 74 0.7 10,500 
Fall planted trout (average length 7.5 inches) 
kKainbow 2,008 9.2 21,722 2.45 2.81 3.89 3.96 
B.ook ssbenes 525 6.4 8,230 2.58 2.70 2.89 3.36 
763 14.3 5,330 1.87 3.12 6.27 6.71 
A’l species ....| 3,296 9.3 
Spring planted trout (ave’age length 8.5 inches) 
Rainbow ...... 6,244 44.5 14,018 4.86 3.65 
Brook -| 8,351 58.8 14,188 4.00 3.35 
Brown . 574 15.6 3,690 4.20 3.39 


Nore: Considering the three species together, the ratio between the recoveries of summer, 
fall and spring planted trout is 0.7 to 9.3 to 47.6 or approximately 1:13:68. The ratio be- 
tween just fall and spring recoveries is 1:5. For rainbows, it is also 1:5. For the brook 
trout it is 1:9, and for the browns, approximately 1:1. 


Table 3.—Recoveries and average weights of marked rainbow trout arranged 
according to percentage recovered 


[Pisgah Game Preserve and Sherwood Wildlife Area] 


Average weight in ounces 


3 
23 48 | 2.8] Bs] £8 
Summer planted trout 
2.0 1939 Fr. Broad 1,500 30 0.21 
0.0 1938 Fr. Broad 2,500 0 0.20 | 0.00 | 0.00 | ...... 
Fall planted trout 
26.2 | 1940 Davidson 1,000 262 3:04 1 1 
19.8 1940 So. Mills 2,000 395 | 
13.4 | 1939 Davidson 2,000 269 | 2.05 2.90 
11.3 | 1940 No. Mills 1,000 113 2.56 
10.8 1940 Fr. Broad 1,200 130 2.93 
10.6 1939 So. Mills 1,487 157 | 
5.6 1937 Davidson 6,500 4.27 | 4.89 
4.8 | 1938 Davidson 6,535 316 ge. 
a a, er ene 21,722 2,008 2.45 | 2.81 | 3.89 | 3.96 | 4.89 
Spring planted trout 
64.3 1940 So. Mills 1,000 643 
62.4 | 1941 Davidson 3,332 2,114 
440 | 1940 Davidson 3,066 1,349 3.80 | 3.38 | 4.18 
38.1 1941 So. Mills 2,600 990 SBS 1 SBF 
32.1 1940 Fr. Broad 2,700 866 3.98 | 3.36 | 3.93 
21.4 | 1941 No. Mills 1,320 282 fae! i 


Nore: Ratio between the recoveries of summer, fall and spring planted rainbow trout is 
0.8:9.2:44.5, or approximately 1:12:56. 
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' Table 4.—Recoveries and average weights of marked brook trout arranged accorda- 
ing to percentage recovered 


[Pisgah Game Preserve and Sherwood Wildlife Area] 


Average weight in ounces 


Percent 
recovered 
Number 
planted 
season 
Second 
season 
season 
season 


Summer planted trout 


Fr. Broad 1,000 
Little E. F. 1,500 
2,500 
Fall planted trout 
West Fork 730 
West Fork 1,000 
So. Mills 500 
Davidson 3,000 
West Fork 3,000 
8,230 
Sp~ing planted trout 
West Fork 2,720 2,248 
West Fork 2,349 
Davidson 516 
Davidson 389 
West Fork 442 
So. Mills 568 
B. East F. 1,240 
L. East F. 436 
So. Mills 163 
8,351 


oon 


amon 


no 
ano 


82 
78. 
62 
52 
49. 
45 
45 
36 
15 
58 


69 89 09 
Ot 


Nore: Ratio between the re-overies of summer, fall and spring planted brook trout is 0.7 
to 6.4 to 58.8, or approximately 1:9:84. 


Table 5.—Recoveries and average weights of marked brown trout arranged accord- 
ing to percentage recovered 


[Pisgah Game Preserve and Sherwood Wildlife Area] 


Average weight in ounces 


recovered 
Year 
planted 
Stream 
planted 
recovered 
season 
Third 
season 


Summer p anted trovt 

So. Mills 4,000 | 26 | 0.14 
Fall planted trout 
So. Mills 1,500 
So. Mills 2,930 
So. Mills 900 
5,330 

Spring planted trout 

820 231 | 4.78 
1,870 300 3.17 
1,000 43 | 4.64 
3,690 574 | 4.20 


© 
w 


oTe: Ratio between recoveries of summer, fall and spring planted brown trout is 0.7 to 
14.3 to 15.6, or about 1:20:22. 


2 | 1939 0.22 | 0.00 | 5.91 | | 

| 1939 0.25 | 0.00 | 5.67 | ...... ...... 

3:70 | 2'89 | 3:36 | 

| 1940 1 | 

| 1941 | | 

| 1940 | 9 | 6.00 | 

2 

32.3] 1938 | 3 80 6.71 

7.3 | 1939 | 2.96 8.75 sosees 

7.1 | 1940 | 3.28 

| 3.12 6.27 6.71 

28.2 | 1941 | 3.87 | 

16.0 | 1940 | 3.16 3.51 om 

43 | 1941 3.14 | 

3.39 3.51 


ord- 


cord- 
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interest to anglers. In the experiments undertaken the summer plants 
were fewer than either fall or spring plants and so their results can be 
given less weight. 

Of the 16 plantings made in the fall, 8 consisted of rainbow trout, 
or 21,722 fish ; 5 of brook trout, numbering 8,230; and 3 of brown trout, 
amounting to 5,330; a total for the three species of 35,282 fish. The 
18 plantings of the same year class of trout held through the winter 
and planted in the spring consisted of 6 plantings of rainbow trout or 
14,018 fish; 9 of brook trout, totalling 14,188 fish; and 3 of brown 
trout, or 3,690 fish ; a total of 31,896 fish. 

While Tables 2, 3, 4, and 5 give recovery details, some of the data 
deserve emphasis by repeating them here. Averaging together the 
three species, the ratio between the percentage recoveries of the fall and 
spring plants of trout is 9.3 to 47.6, or approximately 1 to 5. For the 
rainbow alone the ratio was about the same, while for the brook trout 
the ratio was about 1 to 9. 

The fact that for the brown trout (Table 5) the ratio was about 1 to 
1 requires some explanation for being so out of line with the other two 
species. It is not believed that the brown, as tried in the Pisgah, had 
an opportunity to show itself at its best. Conditions as they existed 
in the waters where brown trout were planted, particularly in the 
lower half of the South Mills which received most of the plants of this 
fish, were not favorable to any trout. As explained elsewhere, this was 
mainly due to the degree to which this section of the river warmed up 
in summer. Under such circumstances the fall-planted trout had a 
temporary advantage over those planted in the spring, for the fall fish 
had several months to become adapted to living in the stream, while 
the spring fish were exposed almost at once to the summer heat. It is 
suggested that under such circumstances a greater proportion of the 
later planted browns might drift away. Reports were received of 
marked brown trout being taken below the national forest boundaries, 
so there is no question that some of these fish attempted to escape the 
unfavorable conditions by migrating downstream. Plants of brown 
trout were discontinued in the experimental areas after 1940. 

But accepting the average recoveries as they stand, we still have a 5 
to 1 ratio in favor of holding trout over the winter and planting them 
in the spring, rather than in the preceding fall. If trout are reared 
to about legal size by fall, as they can be at the Davidson River station, 
for example, they can be carried through the winter on a maintenance 
diet at very slight extra cost. A bare maintenance diet also tends to 
condition the fish, so that when. planted they need not be lacking in 
firmness and gamy quality. * 

The argument has been advanced against the planting of legal-sized 
hatchery trout that they are so inferior to wild trout that it is to the 
discredit of state or government to produce them. It is true that hatch- 
ery fish can usually be distinguished from wild fish by anyone familiar 
with them, largely by their lack of natural color. In addition, if re- 
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cently force-fed and overfat their lack of gamy quality may be a rec. 
ognizable feature. This last characteristic improves with time and, as 
stated, may be less apparent when the fish are conditioned. 

It is apparent that the intensity of the fishing must be the basis for 
determining the number of hatchery fish to be planted. The native 
fish population will maintain a certain degree of fishing by itself. 
When fishing pressure goes above that point, sufficient hatchery fish to 
maintain a fair catch should be added. It must be remembered, how- 
ever, that the natural food supply of the stream is limited and that all 
planted fish which are too small to be included in the angler’s catch 
reduce the capacity of the stream to support larger fish. As fishing in- 
tensity increases, the hard fact becomes evident that from the point of 
view of the immediate interests of the angler, all fish in the stream 
under legal size are a detriment. 

This does not mean that there should be any intentional destruction 
of undersized fish but with fishing intensity high and large trout 
needed to meet the immediate demand, the stream’s limited fish food 
supply can best be utilized by fish that are available to the angler. 

It is agreed that all encouragement should be extended the native 
fish which does not cut down on total catch. Contrary to the findings 
of Hazzard and Shetter (1935) our results indicate that the planting 
of legal-sized hatchery fish tends to protect the native trout. Not 
merely is the fishing strain as measured by total fishing effort on the 
larger wild fish reduced, but the large hatchery fish which escape the 
wiles of the angler have a chance to spawn and so build up the supply 

‘of ‘‘native’’ fish. As shown in Table 1, the catch of native or un- 
marked trout appears to have remained remarkably constant through- 
out the five years of experimental effort, when the total catch increased 
300 percent. 

A glance again at Table 1 shows that in 1937 the take of unmarked 
trout in the experimental area was 6,322. These were doubtless mostly 
native fish in the sense that they had lived all their lives in the stream, 
though a few may have been planted as three-inch fingerlings.1 No 
marked trout were available that year. In 1941, when fishing inten- 
sity had increased 300 percent, the number of unmarked trout taken 
numbered 7,461, though the marked fish taken numbered 10,912. For 
the five years of fishing, the annual take of unmarked fish averaged 
6,564. This suggests that a figure somewhere in the neighborhood of 
this number may be considered the normal available annual population 
of legal-sized trout for the experimental area. Assuming this figure to 
be conservative, the upper limit probably would not exceed 10,000. 

Even if we accept this higher figure, there would not be enough fish 
to supply the demand as it existed for this area after 1939. The an- 
nual number of fishermen days in 1937 was 1,091; in 1938, 1,112; in 
1939, 1,605; while by 1940, it had jumped to 2,829, when 14,310 trout 
were caught ; and by 1941, to 3,563, when 18,373 fish were taken. What 


1A few such plantings were made before the experiments were begun. 
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the limit might be is hard to say. War and other disturbing factors 
make one hesitate to make a guess, but 5,000 fishermen days of fair 
fishing is probably not an unreasonable figure. It is interesting to note, 
too, that such a number of daily permits sold would about cover the 
eosts of raising and distributing the hatchery fish. 

To recapitulate: The function of stocking with hatchery fish is to 
support the excess fishing to which a stream may be subjected above 
that which the stream can supply by natural reproduction. The group 
natural capacity of streams in the experimental area would appear to 
be not over 10,000 legal-sized fish per year. Fishing demand exceeded 
this figure after 1939. In other words, after this date, the streams had 
to satisfy a fishing demand which required more legal-sized trout than 
the limited fish food supply could possibly grow, or even support for 
long. 

This demand was met by the planting of legal-sized fish in the 
spring. Not only were a greater number of larger trout made available 
to the angler but at a materially lower cost to the government for each 
pound of trout in the fisherman’s creel. The greater number of big 
trout available meant better fishing. Better fishing meant more fisher- 
men. More fishermen meant a greater income from fishing permits. A 
greater income points the way toward a self-sustaining sport. The 
logical goal of wildlife management must be a balanced budget. 

Before concluding this section, a word should be said regarding the 
planting of small trout. Table 2 shows the recoveries made from a few 
plants of three-inch fingerlings. With the streams of the experimental 
area tending to be more or less crowded with medium- and larger-sized 
fish, plants of small fish were at a disadvantage from the start. At 
that, the recoveries were as good as might be hoped for under the cir- 
cumstances. It is probable that the planting of small trout still has a 


Table 6.—Summary of 5 years’ fishing in each of the two sections of the experi- 
mental stream management area 


item | 1937 | 1938| 1939| 1940] 1941 | 
Pisgah Game Preserve 


Fisherman days (number of anglers)* 341 667 969| 1,700| 2,333 

Total catch of trout. 1,155} 2,468) 3,304] 7,090/10,418 

Number of trout in average catch 4.2 4.5 

Weight of catch, to nea est pound ie 1, = 2, a. 

Weight of average catch, to nearest ounce........ 3 

Average weight, in ounces, of trout taken........ ¥ t 8. 35 3. 84 

Total marked trout taken 4,131] 6,684 
58 64 

Sherwood Wild'ife A:ea 

Fisherman days (number of anglers)? 750| 445 1,129] 1,230 

Total catch of trout «| 5,167| 3,059] 4, 7,220 

Number of trout in average catch.. rae 6.9 7. r 4 

Weicht of catch, to nea~est pound.. 

Weight of average catch, to nearest ounce. 

Average weight, in ounces, of trout taken 

Tota! marked trout taken 


1Anglers fished an average of about 7 hours per fisherman day. As anglers paid $1.00 for 
each day of.fishing, they usually spent most of the day on the stream, making the day the 
logical unit of fishing effort in this case. 
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place in management work, in lakes, or possibly in streams where the 
fishing is not heavy, but it is definitely inadequate where fishing is 
intense. Also, it is so easy to overstock with small fish. When too 
many large trout are planted, they may be a little too easily caught, 
until the fish population is reduced to one the stream can support. It is 
far better to catch and use the excess fish than to wait and let them 
starve, as must happen when the excess fish are small. 


OVERSTOCKING STUDIES AND SPECIAL PROBLEMS OF 
THE DIFFERENT STREAMS 


Quite unintentionally the experiments included overstocking studies 
involving a good share of the experimental streams. In briefly touch- 
ing on the special problems of the individual watersheds, this phase of 
the management studies will be emphasized. Associated with the prob- 
lem of overstocking in several instances was the practice, at first, of 
closing streams to fishing every other year. As a result, many of the 
plantings had to be considered as abnormal, since the streams were 
closed to fishing the following season. 

It cannot be overemphasized that it is the failure to realize how lim- 
ited the fish food in a stream may be, and how impossible it is to meet 
a heavy fishing demand with plants of small trout, a practice which has 
been at the root of most of the unsatisfactory stocking efforts. The 
Davidson, during the early years of the experimental work, was a good 
example of overzeal in building up fishing. The main stream was 
overstocked with rainbow in 1937 and 1938. In the fall of 1937, a 
total of 6,500 rainbows, about 5 inches or more in length were planted. 
The following fall, 1938, the plant was 6,535 rainbows of about the 
same size with an average weight of 1.47 ounces. While the fishing was 
better in 1938 than in 1937, this heavy plant in the fall of 1938 appears 
to have hurt the 1939 fishing. As Table 7 shows, the number of trout 
taken from the Davidson dropped from 1,929 in 1938 to 1,116 in 1939, 
and the number of trout in an angler’s catch dropped from an average 
of 3.7 weighing 14 ounces to 3.2 trout weighing 11 ounces, while the 
anglers complained in 1939 that the Davidson seemed full of small 
trout with few worth keeping. 

In the fall of 1939, only 2,000 rainbow trout were planted in the 


Table 7—Summary of 5 years’ fishing in the Davidson River, Pisgah Game 
Preserve 


Item | 1937 | 1938 | 1939| 1940| 1941 | Total 

Fisherman days (number of anglers)? | 224 519 350 
Total catch of trout 1,116 
Number of trout in average catch ol 3 
Weight of catch, to nearest pound aa 244 
Weight of average catch, to nearest ounce........ 11 
Average weight, in ounces, of trout caught...... 3.6 3.50 
Total rainbow trout taken J 955 
Total brook trout taken 

Total brown trout taken one 0 0 
Percentage of marked trout taken eine | “18 


1See footnote 1, Table 6. 
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Davidson and 3,066 were carried through the winter and planted in 
the spring of 1940. This moderate-sized planting resulted in a remark- 
able improvement in the following season’s fishing. Fishermen days 
in 1940 were twice the number in 1939, because of the improved fish- 
ing, while the take of fish jumped 300 percent with the fish retaining 
the same average weight. Individual catches increased to 4.7 fish, 
weighing 17 ounces. By this time it was realized that a step in the 
right direction had been taken. To be on the safe side, in spite of the 
increased fishing, again only 2,000 rainbows were planted in the fall 
of 1940 and 3,332 in the following spring, though, because of poaching 
from the winter holding pool, the spring plant was somewhat below 
the figure originally set up. The 1941 season was beyond anything 
officially hoped for. Fishermen days went up another 100 percent 
.from the 1939 figure, while the take of trout jumped from 3,454 to 
5,405, having a weight of 1,292 pounds. The weight of the average 
creel of trout increased to 18 ounces, though there was a slight drop in 
the number of trout in the average catch from 4.7 to 4.6. 

Probably the best example of overstocking was found in Cove Creek, 
a tributary of the Davidson. In October, 1937, 2,000 seven-inch brook 
trout were carefully distributed over 214 miles of stream. Brook trout 
had once thrived in this fine forest stream and at the time both brook 
and rainbow were present in limited numbers. It was hoped that such 
a large plant of brook trout would definitely tip the scales toward this 
species and that Cove Creek would once again become a good brook 
trout stream. The stream was checked several times during the winter, 
while the water was still cold, and the fish found to be in fair shape. 
Unfortunately, the fish were not checked in the spring when water 
temperatures began to rise and the metabolic activities of the fish in- 
creased, but it became evident later that food demands far exceeded 
the available supply. 

When the fishing season opened, a special checking station was set 
up at the creek, occupied by Mr. Keil and the writer, to give particular 
attention to the fish of this stream. The results were a complete dis- 
appointment. The trout were found to be in a starved condition and 
resembled small eels in appearance. Most anglers refused to keep 
them. The plant was a failure and no trace of it could be found the 
following year. Careful checks showed that no migration had taken 
place, which was substantiated by the fact that no brook trout was 
taken in the Davidson within two miles of Cove Creek. 

Evidence was obtained of overstocking in the North Fork of the 
French Broad in the early days of the experimental work. In the 
spring of 1938, a plant of 2,300 rainbows between 6 and 7 inches long 
was made, and another plant that fall of 5,000 five-inch fingerlings of 
the same species. These plants were excessively large and the closure 
of the stream in 1939 appears to have effectively spoiled any possible 
benefits from either plant. The spring-planted fish were too small to 
figure in the 1938 catches and only 7 showed up in the catches made in 
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1940. The plant was not represented in the 1941 catches. The fall 
plant provided the anglers with 12 fish in 1940 and 48 more in 1941. 

The excellent showing of the stream in 1940 was due mostly to a 
spring plant of legal-sized fish which made up more than half the 
eatch. However, the plant itself was excessive. Of the 2,700 trout 
placed in the river, only 30.4 percent were recovered the first season. 

So many trout appeared to remain after the season was over that no 
plant was made the following spring. This proved to be a mistake, 
and, though 1,200 rainbows were planted in the very late fall of 1940, 
the 1941 catch was materially below that of 1940. 


Table 8—Summary of 5 years’ fishing in the North Fork of the French Broad 
River, Pisgah Game Preserve 


Item | 1937 | 1938| 1939| 1940] 1941 | 
Fisherman days (number of anglers)? 282 
Total catch of trout 1,557 
Number of trout in average catch ok 5.5 
Weight of catch, to nearest pound. 298 
Weight of average catch, to nearest ounce.. 17 
Average weight, in ounces of trout caught.. 
Total rainbow trout taken 1,273 
Total brook trout taken 284 
Total brown trout taken - } 0 
Percentage of marked trout take - 54 


1See footnote 1, Table 6. 


3.07 


Stream Closed 


The catches made in the South Mills River are shown in Table 9. 
Great things were expected of this stream, so it was heavily stocked in 
1937 and 1938, and in addition, was closed to fishing in 1938. Possibly, 
considering how poor the stream is in trout food, the disappointing re- 
turns of 1939 and 1940 should have been expected. It is a magnificent 
mountain stream, which had had an excellent fishing reputation before 
the timber had been removed from the watershed. So it had seemed 
capable of absorbing all the trout which could be planted and return- 
ing them to the angler bigger and better. This the South Mills quite 
failed to do, and by 1940, the lesson had been learned. Plantings were 
reduced and, as shown by the 1941 catches, the actual fishing capacity 
appeared to have been gauged and properly met. With almost an 
identical number of fisherman days for 1940 and 1941, the catch of the 
latter showed a 50 percent increase over the preceding year, with the 
average trout caught in 1941 slightly heavier than in 1940. 

In the earlier description of the stream it was stated that much of 
the upper portion of the river flows over bedrock, where food organ- 
isms are seldom found outside limited and restricted pockets of gravel. 
Furthermore, the stream warms up excessively over the lower half, 
where natural enemies of the trout occur. These include black bass, 
rock bass, and animals of uncertain value such as stream lampreys and 
the large amphibian, Cryptobranchus, or hellbender. There is some 
evidence that satisfactory spawning conditions are not available, for 
natural reproduction is either low or the young trout are destroyed 
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by their enemies. Certainly, in no other stream in the experimental 
area have the hatchery trout come to comprise so large a proportion of 
the average catch. In 1941, hatchery fish constituted 82 percent of the 
total take of trout. 

Even before the experimental work was started, it was realized that 
brook and rainbow trout were not doing well in the stream, so brown 
trout were introduced. It may be that most anglers were not suffi- 
ciently skilled to take brown trout when restricted to artificial lures. 
Possibly the species was overstocked at first, or, as has been suggested, 
the water became too warm before the end of the summer. Whatever 
the reason, brown trout have never given evidence of being as satis- 
factory in the South Mills as the rainbow trout. So, after the spring 


Table 9.—Summary of 5 years’ fishing in the South Mills River, Pisgah Game 


Preserve 

item | 1937 | 1938] 1939| 1940| 1941| Total 
Fisherman days (number of anglers)?.............. | 50 548 690 694 1,982 
174) 1,977| 2,083) 3,119 7,353 
Number of trout in average catch ae 3.5 2 3.6 3.0 4.5 3.7 
Weight of catch, to nearest 464 431 hl 
Weight of average catch, to nearest ounce........) «..... 13 10 
Average weight, in ounces, of trout caught........} —...... 3.76 3.31 
Total rainbow trout 169 Ss 1,346] 1,279} 2,038 4,832 
Total brook trout taken 5 £ 53 245 63 940 
Total brown trout taken Oo; @ 578 559 444 1,137 
Percentage of marked trout taken 0 31 68 82 65 


1See footnote 1, Table 6. 


of 1941, the planting of brown trout in any waters of the experimental 
area was discontinued. 

_As previously stated, the South Mills was closed to fishing in 1938. 
One of the most interesting plants in this stream was one of 2,670 rain- 
bows made in the spring of that year. The take of this planting in 
1939, when these fish were first exposed to fishing, was 26. Five more 
were taken in 1940 and 8 in 1941, a total recovery of 39 or 1.5 percent. 
Of 1,700 brook trout planted the same season in the tributary waters, 
only 7 were recovered in 1939, 5 in 1940, and 1 in 1941. A planting 
of 2,520 brown trout, made the same season, gave a total of 9 trout in 
1939, 4 in 1940, and an additional 4 in 1941. 

Of the original planting of 5,560 brown trout in the fall of 1937, 107 
were taken in 1939, 194 in 1940, and 11 in 1941, a total of 312 or 5.5 
percent. There have been persistent reports of many of these early as 
well as later planted brown trout being caught below the national for- 
est, boundaries. 

Additional evidence of fishing lost from closing a stream for a season 
is provided by the North Mills. In the fall of 1938, a planting of 2,143 
rainbow trout was made in this stream. Only 37 were recovered in 
1939, and, since there was no fishing in 1940, the only additional re- 
coveries were 11 fish in 1941. This gives a total recovery of 47 or 2.2 
percent. Another plant of 2,000 rainbow trout was made in the fall 
of 1939. In view of the fact that only 13 of these were taken in 1941, 
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Table 10—Summary of 5 years’ fishing in the North Mills River, Pisgah Game 
Preserve 


Item | 1937 | 1938| 1939| 1940] 1941 | Total 
Fisherman days (number of anglers)+ 
Total catch of trout 
Number of trout in average catch 
Weight of catch, to nearest pound 
Weight of average catch, to nearest ounce 
Average weight, in ounces, of trout caught. 
Total rainbow trout taken 
Total brook trout taken 
Total brown trout taken 
Percentage of marked trout take 


1See footnote 1, Table 6. 


Stream Closed 


it is interesting to speculate how many might have been caught in 
1940. 

Turning to the Sherwood, we find further proof of the undesirability 
of closing a stream to fishing after being stocked. Here, too, the value 
of spring plantings of legal-sized fish is quite apparent. 

Table 11 gives a summary of 5 years’ fishing in the West Fork and 
the Little East Fork. The necessity of combining the data for these 
streams to avoid confusion is possibly better appreciated if it is ex- 
plained that in 1937 the entire area was opened to fishing. In 1938, 
two of the three prongs of the West Fork were closed to fishing, while 
the third and the Little East Fork were opened together. In 1939, 
the Little East Fork and its associated prong of the West Fork were 
closed while the other two prongs of the West Fork were opened. In 
1940, the Little East Fork and the West Fork were opened, but they 
were opened separately. 

In studying the table, it may help if it is recalled that all of both 
the Little East Fork and the West Fork were opened to fishing in 
1937, 1940 and 1941, and about half the combined fishing waters were 
available to fishing in 1938 and 1939. 

The drop in fishermen days in 1941, in spite of a higher average 
eatch than the year before, is attributed to three reasons: The Big East 
Fork was opened to fishing in 1941, but only for one day in 1940; the 
improved fishing and larger trout of the Pisgah Game Preserve were 
claiming many of the anglers who previously fished the Sherwood; 


Table 11.—Summary of 5 years’ fishing in thé West Fork and Little East Fork of 
the. Pigeon River, Sherwood Wildlife Area 


Item | 1937] 1938| 1939| 1940] 1941| Total 
Fisherman days (number of anglers)? 513 445 1,015 
Total catch of trout ..| 3,659] 3,059 6,628 

Number of trout in average catch... 6.6 

Weight of catch, to nearest pound 1,158 
Weight of average catch, to nearest ounce 18 

Average weight, in ounces, of trout caught. ie i 2.80 

Total rainbow trout taken | 1 

3,658 

| 0 


6 1 
3,059 6,627| 4,906) 20,031 
0 0 7 7 


0 
0 43 58| 31 
1See footnote 1, Table 6. 
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and, associated with this second reason, is that of the smaller average 
weight of the trout taken in the West Fork in 1941 over those taken in 
1940, though they were still ahead of 1938 and 1939 in this respect. 

It is natural that with the varying combinations of open and closed 
streams for the different years it is impossible until the last two years 
to distinguish the normal plants of marked trout in these waters. Also, 
it is natural that in collecting data during the earlier years some con- 
fusion developed at times. One instance of such confusion occurred in 
1940 when the Little East Fork and the entire West Fork were opened 
at the same time and when fishermen days increased to 400 percent of 
what they were the year before. 

A planting of 1,000 brook trout was made in the fall of 1938 in the 
Little East Fork which was closed in 1939. A planting of 1,900, with - 
the same mark, was made in a prong of the West Fork in the spring of 
1938, a prong which was closed to fishing that year. Only 23 fish with 
this mark were taken in 1939 from the West Fork. In 1940, anglers 
took 352 with this mark from the combined streams. A study of the 
original data sheets indicates that most, if not all, of these fish came 
from the Little East Fork. This, if true, is the most remarkable sur- 
vival of fall-planted trout observed. 

While the writer does not consider that the evidence justifies placing 
the planting with the normal plantings, he believes that certain cir- 
cumstances may have made it possible. The Little East Fork planting 
was made in a stream in which such fish as occurred were of the same 
species. The stream had been almost completely depopulated of trout 
from poaching, but from the time of the plant received far better than 
average protection. It is by far the richest of all the Sherwood waters 
in bottom food organisms. 

Finally, as stated above, of the 1938 spring planting in the West 
Fork, only 23 were recovered in 1939, so it is unlikely that more than 
this number were taken in 1940. Even assuming the most cautious 
attitude and combining the plants, which were both made in 1938, and 
so were subjected to two winters, the 1940 catch of 12.1 percent of the 
combined original plantings was remarkable. 

If the recovery was entirely that of the Little East Fork planting, 
the percentage recovery becomes 35.2 percent, which is phenomenal 
under the circumstances. Certainly, it is a contrast with a planting 
of 1,000 made in the right prong of the West Fork in the fall of 1938. 
A cloud burst washed out the stream before the next fishing season, 
and not one member of this plant was ever recovered. 

Before leaving the West Fork it may be of interest to point out that 
among the normal spring plantings of brook trout in this water are 
probably some of the most ‘successful recoveries of planted trout on 
record. A planting of 2, 720 brook trout with an average weight of 
4.82 ounces each in 1941 gave a recovery of 82.7 percent, while a plant- 
ing of 2,975 with an average weight of 3.79 ounces in 1940 gave a re- 
covery of 78.9 per cent. 
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Table 12.—Summary of 5 years’ fishing in the Big East Fork of the Pigeon River, 
Sherwood Wildlife Area 


ltem | 1937 | 1938 | 1939 | 19401] 1941 | Total 


Fisherman days (number of anglers)?...........0 j 364 114 545 1,260 


Total catch of trout. 
Number of trout, in average catch..... 
Weight of catch, to nearest pound... 
Weight of average catch, to nearest ounce... 
Ave: age weight, in ounces, of trout caught 
Total rainbow trout taken. 


2,580| 592] 3,036] 7,716 


Stream Closed 
a 
~ 
~ 


55 5 26 512 
Total brook trout taken.... 2,525 497| 2,710) 7,204 
Total brown trout taken............. 0 
Percentage of marked trout taken..................00++ 0 7 45 18 


10pened to fishing one only. 
*See footnote 1, Table 6 


Table 12 gives a summary of fishing for the Big East Fork. This 
stream is essentially one unit, or river, as compared with the West 
Fork which is divided into three prongs, that together have less volume 
of water than the Big East Fork. As a whole, the Big East Fork has 
never been as popular among anglers as the rest of the Sherwood’s 
trout streams. 

As the table shows, the stream was closed to fishing in 1938 and was 
to have remained closed in 1940, but was opened one day of that year 
to see if the effects of a cloudburst in August could be noted. After 
the original planting of unmarked hatchery trout in 1937, no planting 
was made until the fall of 1939, when 2,000 brook trout were stocked, 
followed by a stocking of 1,000 in the spring of 1940. On the one day 
497 brook trout were taken, 13 of which belonged to the fall planting 
and 30 to the spring planting. During the entire fishing season of 
1941, 16 more of that fall planting and 25 more of the spring planting 
were taken. Whatever additional lesson may be learned from these 
figures, it is apparent that good fishing was lost by not opening the Big 
East Fork for more than the one day in 1940. Probably fishing was 
lost by the 1938 closure, but this is not readily apparent from the 
figures. 

In comparing the total take of trout for the 5-year period for the 
Big East Fork with that from the combined Little East Fork and 
West Fork, it is not concluded that the ratio between the catches gives 
a true picture of the relative merits of the two bodies of trout water. 
It is now realized that the Big East Fork was not handled so as to have 
permitted the stream to show its full possibilities. In other words, it 
is a better trout stream than its record indicates. 


Tue PiscaH System 


The Pisgah System of ‘‘every fishing day an opening day”’ is frank- 
ly a compromise system of stream management built on the require- 
ment that exact records of the fish caught be kept and the unfortunate 
necessity in the Pisgah experimental area of restricting the waters 
opened to fishing on a given day to those covered adequately by one 
or two checking stations. 


This system may be described as that stream management practice 


evcece 
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whereby fishing in a given wildlife area is restricted to one stream and 
its tributaries on any given day, while the number and distribution of 
the open days is determined by the stream’s relative fishing capacity, 
its physical condition and the desirability of completely resting it from 
fishing for as long as possible after each open day. 

Relative fishing capacity of a stream depends in part on richness in 
bottom food organisms, on shelter, on the extent of good fishing areas, 
on size, and to some extent, on degree of popularity. This ranking 
may be more or less arbitrary and subject to change each year. It may 
be defined as the proportional capacity of a stream to furnish fishing 
in relation to the total fishing of the area as a whole. If, for example, 
under a certain fishing load, a given district is believed able to fur- 
nish 100 days of fishing, it may be decided that one large stream alone 
ean supply 30 of them. Another stream possibly can furnish equally 
good fishing for 20 days, four others 10 days each, and two, neither 
very large, nor located where they can be conveniently included in a 
season with other streams, fish days each. This is merely a sample. 
The possibilities are endless. 

The factor in physical condition that is probably most important in 
the experimental area is the average summer temperature of the water. 
A stream may warm up to such an extent by the end of June that the 
trout practically cease to strike. Its open days, therefore, should be 
before that time. .Another stream, having sufficiently cold water 
throughout the season, may have the majority of its open days in July 
and August. 

Resting a stream from fishing for as long as possible after each 
open day is of great importance in assuring a good catch, where fishing 
is subjected to the handicap of comparatively crowded conditions. 
While trout may seem to recover quickly from fright, there is very 
good evidence that they retain a greater degree of caution for some 
time. Where frightened by several successive days of intensive fishing, 
this wariness becomes fixed for a considerable period. 

The expert angler likes to pit his cunning against the wariness of the 
trout. The more suspicious the fish the better such an angler likes it, 
for to him the pleasure lies in the sport itself and not in the fish caught. 
He is a real sportsman, well deserving of praise. 

It is usually a waste of breath to suggest to such an angler that a 
trout may carry cautiousness too far. But the stream manager must 
not permit his natural inclinations to spoil his perspective of the prob- 
lem as a whole. He wants the trout he places in the streams to furnish 
sport, but he also wants them caught or the expense of placing them 
in the stream is lost. To him, wariness by the fish may indeed be over- 
done. Pisgah experimental area records show that but few planted 
trout, not caught one season, survive to the next. 

After the new system was put into effect, the number of anglers was 
far more evenly distributed over the entire fishing season. While 
fisherman days have increased each year, there has been appreciably 
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less crowding the first day on each stream. Fishermen know that if a 
definite number of days are listed to be fished, the streams indicated 
will be open on those days. Also, they know that each stream when 
opened will first have been rested from fishing for at least a few days 
and possibly much more. As nearly as is humanly possible, each fish- 
ing day becomes ‘‘an opening day.’’ 

The North Carolina trout season extends from about the middle of 
April to the end of August, which gives about 19 weekends of fishing, 
with a few special days extra. Since the weekends include Friday, 
this means that during 1941, for example, 64 fishing days were made 
available to the fishermen of the experimental area. Thirteen was the 
largest number of fishing days for any one stream. The lowest num- 
ber was three, for a small isolated watershed, that could not be conveni- 
ently combined, administratively, with any other. However, so small 
a number of open days for a one stream proved to be unsatisfactory, 
or, at least, inefficient. 

The ‘‘Pisgah System’’ may be modified to meet special conditions. 
An example of such a modification is a system of open fishing days for 
the experimental area being considered by the U. S. Forest Service and 
the North Carolina Conservation Commission for the duration of the 
war, to meet the abnormal restrictions which anglers must face in 
transportation to and from fishing waters. To change the distance to 
different streams is obviously impossible. To fish a stream more than 
its proportionate number of times in a season is against the principle 
of the Pisgah System, but gasoline and tires must be conserved and 
also fishermen want the relaxation of their sport to relieve their minds 
from the strains of war. Consequently, it is proposed to permit a dis- 
proportionally large amount of fishing in the watershed nearest to the 
majority of the anglers of the neighborhood. This is the Davidson. 
For 1943 the plan calls for approximately the 1941 and 1942 schedule 
of days for all streams in the experimental area except the Davidson. 
These streams will have their fishing days scattered as heretofore and 
will always have several days of rest after each opening day. But the 
Davidson River will be opened on all days when the others are closed. 
This gives the Davidson more open days than all the others combined. 
It is understood that fishing will be less satisfactory for the season as 
a whole, but it does permit the desired recreation on the most attrac- 
tive Pisgah streams. It is expected that the average angler will spend 
most of the days he can spare for fishing during the season on the 
Davidson, with a couple or so days on one of the others. A large pre- 
season plant and a series of sustaining plants later should provide fair 
fishing most of the season. 


RECOMMENDATIONS 


Where nothing is accurately known about the production of a 
stream, the logical beginning in a program of stocking is the planting 
table for trout streams (Davis, 1938). Where. the production of a 
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stream is known, as determined accurately by a creel census, or esti- 
mated by other less accurate checks, it is recommended that this infor- 
mation be made the basis of the stocking program. 

Also, since overstocking is the great danger that threatens all efforts 
to build up fishing by the planting of hatchery reared fish, it is be- 
lieved that stocking with legal-size trout will give the most satisfactory 
results. If legal-sized fish are planted in the spring, there will be less 
danger of overstocking, since the surplus fish will be caught quickly. 

The above principles certainly apply to the Pisgah experimental 
area and it is believed to be equally applicable to most trout streams 
of the southern Appalachians. It should apply equally well elsewhere 
where recoveries of legal-sized hatchery fish run as high as shown in 
the experiments. Rearing fish to legal size involves an expense that 
must always be considered. Unless recoveries of such planted fish are 
high, it probably cannot be considered economical to maintain the high 
fishing intensity that the use of large trout presupposes. Information 
received regarding spring plantings of legal-sized trout in other trout 
management areas of the region indicate that recoveries have been in 
line with those in the experimental area, so it is recommended that the 
practice in question be made standard for the region. 

In the experimental area, as has been shown, the recoveries of native 
or wild fish have remained remarkably constant throughout the period 
of experimentation. In the early experimental years, native trout 
made up a large part of the total catch and even during the last year, 
when fishing was most intense, native fish formed about one-third of 
all trout taken. Holloway (1941) stated that throughout the region 
‘*natural reproduction of brook and rainbow trout supports a consider- 
able part of the fishing load.’’ These native trout, particularly while 
they are undersize, are benefited in the long run by the spring plants 
of large fish, since there is no competition for food during the interval 
between fishing seasons with small hatchery reared fish. Even though 
the large trout planted just before and during the fishing season may, 
as Hazzard (1938) pointed out, bring about a temporary food shortage 
for the larger wild trout, until anglers remove the surplus, those organ- 
isms of primary interest to the smaller trout are still preyed upon only 
by the wild fish, since they are the only small trout present. 

Owing to the excellent survival rate of spring-planted legal-size 
trout and the high degree of natural reproduction, the waters of the 
Southern Appalachians do not require as heavy plants as is the case 
where such conditions do not exist. The tentative figure is advanced 
of planting three legal-sized trout in the spring to every two fish 
(hatchery and wild) which enter the fisherman’s creel the preceding 
season. 

Because of wartime restrictions on travel, fishing intensity may de- 
crease. In that event, plantings must be reduced. It must never be 
forgotten that the plantings made in the experimental area since 1939, 
in particular, produce a trout population well in excess of what the 
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streams can support. It is only by heavy fishing that trouble can be 
avoided. If fishing slackens, plants must be correspondingly lowered. 
Should funds for rearing hatchery fish be cut off for the duration of 
the present war, it is urged that when the day comes to resume stock- 
ing, plantings made the first year do not exceed the limit for the pres- 
ent degree of fishing intensity, regardless of how severely the streams 
may appear to be depopulated. Also, this rate of restocking should 
not be exceeded until fishing intensity passes the present point. Re- 
building fishing in the streams should be undertaken slowly. It is 
particularly urged that no combination of planting and closing of 
streams be attempted. The danger of overstocking is too great. 
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A FISH POPULATION STUDY OF THIRD SISTER LAKE? 


C. J. D. Brown anv Rosert C. 
Michigan Department of Conservation, Ann Arbor, Michigan 


ABSTRACT 


The fish population of Third Sister Lake was removed by angling, net- 
ting and poison (rotenone). Fish were recovered after poisoning by inten- 
sive hand picking. An unknown number of fish, particularly those of the 
smaller sizes, did not come to the surface when killed by the poison and 
were therefore not recovered or included in the population analysis. A 
total of 15,454 fish weighing 866.6 pounds was recovered from all opera- 
tions or 86.6 pounds per acre. Bluegills of legal length accounted for about 
50 pounds per acre. Legal game fish made up approximately 70 per cent 
of the total weight of all fish. 

In 80 man-hours of hook and line fishing during the 22 days prior to 
poisoning, 431 fish weighing 153 pounds were captured. Approximately one 
fourth of the total number of legal largemouth bass and bluegills in the 
lake were removed by this angling effort which equaled 4.6 fish per hour. 


Coarse fish made up 16.3 per cent and forage fish 3.4 per cent of the weight 
of all fish. 


INTRODUCTION 


The complete removal of fish from Third Sister Lake was not car- 
ried out for the primary purpose of making a fish population analysis 


but rather as part of a general investigation on the existing relation- 
ship between the fish and fish-food organisms in this lake. The study 
has now been in progress for 3 full years and may be continued 
through the next 2 or 3 years. 

The destruction of the fish population was accomplished by means of 
rotenone (Derris root) which was supplemented by netting and ang- 
ling during the 3 weeks previous to poisoning. The actual poisoning 
process and its effect on the fish and other organisms found in the lake 
is described by the authors élsewhere in this volume. 

The first poisoning operation was carried out on May 6, 1941, before 
the spawning season and before the aquatic vegetation was extensive 
enough to hamper the recovery of fish. Test nets were set in the lake 
about the middle of May in order to determine if live fish were still 
present in the lake. On May 14 and during the ensuing 3 days, 4 large 
bluegills and one pumpkinseed sunfish were captured. Large schools 
of bluegill and pumpkinseed fry began to appear about the middle of 
July. Because the first poisoning did not kill all the fish, a second 
application was made on August 18 and 19 when water temperatures 
were more favorable. Only a very few adult fish were recovered along 
with many thousand bluegill and pumpkinseed fry. These were not 
included in the population total. After that time, however, no fish 
were seen in the lake until June, 1942, when.a few long-eared sunfish 


1Contribution from the Michigan Institute for Fisheries Research. 
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entered the lake, presumably via the outlet during high water. We be- 
lieve that the poisoning was 100 per cent effective in the removal of 
fish in August. 

The fish killed by poison were recovered by intensive hand picking 
which was persistently repeated until no fish could be found. No in- 
formation is available concerning the efficiency of this method but 
confidence is expressed that a very great percentage of fish which came 
to the surface or could be seen from the surface were recovered. On 
the other hand evidence was found that not all dead fish float. This is 
particularly true of small specimens, and large numbers may never 
come within reach of the picker, which has been noted in earlier poi- 
soning work by other Institute staff members. Careful research will 
show a considerable number of fish never are recovered, even under the 
most favorable conditions. In presenting these data, it is recognized 
that the recovered fish population is probably considerably less than 
the actual population and that the recovery of the different species and 
sizes within species may not be proportional to their actual abundance. 
Minnows, darters and the young of game fishes are, because of their 
size, missed more often than larger specimens. However, we believe 
the figures on total poundage are not seriously affected by this loss. 

All of the fish were measured and weighed at the time of their re- 
covery. Scale samples were saved from the various sizes of bass, blue- 
gills and pumpkinseeds, and age was determined by examining the 
seales for annuli in the usual manner. Since collections were made ap- 
proximately at the spawning season, an annulus was counted on the 
edge of all scales. 

Many of the age determinations may not be reliable. Annuli inter- 
pretations, particularly in older fish, varied considerably with the in- 
terpreter. The oldest age group assigned for each species includes all 
fish which were considered to be of that age or older. 

Game fish not actually aged were arbitrarily assigned to age groups 
representative of their size. 

Third Sister Lake has a surface area of about 10 acres and a maxi- 
mum depth of 55 feet. Approximately 35 per cent of the lake bottom 
is shallow enough to produce higher aquatic plants. This zone sustains 
predominantly yellow water lilies and pondweeds. Fish find abundant 
shelter and food in these plant beds and the lake compares favorably 
with the more productive small lakes of southern Michigan. The fol- 
lowing species of fish were present before poisoning : Largemouth black 
bass (Huro salmoides), bluegill sunfish (Lepomis macrochirus), pump- 
kinseed sunfish (Lepomis gibbosus), green sunfish (Lepomis cyanel- 
lus), hybrid sunfish, bullheads (Ameiurus natalis), common suckers 
(Catostomus commersonnii), chub-suckers (Erimyzon sucetta), mud 
pickerel (Esox vermiculatus), black-chinned shiner (Notropis hetero- 
don), black-nosed shiner (Notropis heterolepis), common shiner (No- 
tropis cornutus), golden shiner (Notemigonus crysoleucas), mud min- 
now (Umbra limi), and Iowa darter (Poecilichthys ezilis). 
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Fishing has been banned on this lake for the past 9 years. A num- 
ber of fish were removed for stomach analyses during the 2 years 
(April 1, 1939-April 14, 1941) previous to poisoning. These included 
the following: 30 largemouth bass (19.4 pounds), 628 bluegill sunfish 
(148 pounds), 15 pumpkinseed sunfish, (2.6 pounds), 4 green sunfish 
(0.6 pound), 18 common shiner (3.0 pounds), 2 mud pike (0.1 pound), 
2 bluegill-pumpkinseed hybrids (0.3 pound). This represents a total 
of 699 fish weighing 174.3 pounds. In addition to these, there was very 
probably a small number removed by poachers. All fish taken during 
the ice-free period of 1941, regardless of the method or purpose for 
which they were used, are included in the population figures. It is 
assumed that those taken earlier were probably compensated for in 
weight if not in numbers by the time of complete removal. It is be- 
lieved that the fish population represents approximately the maximum 
carrying capacity for the lake. 


ANALYSIS OF FisH PoPuULATION 


Largemouth black bass.—This species was the second most impor- 
tant game fish present in the lake on the basis of total weight. A total 
of 470 specimens weighing 126.9 pounds made up 3.04 per cent of the 
total number and 14.64 per cent of the total weight of all fish re- 
covered. A summary of the bass by age groups is given in Table 1. 

As might be expected, the largest number (49.1 per cent) of large- 
mouth black bass were in age-group I. Age-group II was more poorly 
represented than was expected, with only 4.3 per cent of the total num- 
ber. Age-group III was strong, with almost half as many fish as the 
age-group I, or 21.3 per cent of the total. Likewise, age-group IV was 
well represented with 18.1 per cent of the total number. Thompson 
and Bennett (1939) found the third and fourth year groups to be 
weaker in Lincoln Lakes, Illinois, than the fifth and sixth, while Esch- 
meyer (1938) reports that the first and fourth summer largemouth 
black bass were more numerous in Howe Lake, Michigan, than bass of 
other ages. Exactly 100 legal bass were collected from Third Sister 
Lake constituting 21.28 per cent of the total number of bass found. 
These weighed 96.08 pounds, or 75.71 per cent of all bass taken. Age- 
groups III, IV, V, and VI made up 88.6 per cent of the total weight 
of all bass. Of these, age-group IV made up 39.6 per cent. Third 
Sister Lake bass reached legal length (10 inches) late in their third or 
early in their fourth year. 

Bluegills—The bluegill was by far the most abundant game fish in 
the lake. A total of 4,057 specimens weighing 537.3 pounds made up 
26.25 per cent of the total number and 61.99 per cent of the total 
weight of all fish recovered. A summary of the bluegills by age groups 
is given in Table 2. 

Age-group VI was strong, contributing 8.9 per cent of the total num- 
ber and 22.5 per cent of the total weight of the entire bluegill popula- 
tion. There were 1,560 legal bluegills, constituting 38 per cent of all 
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bluegills recovered. These weighed 499.76 pounds, or 93.01 per cent 
of the total weight. 

Like the largemouth black bass, most of the Third Sister Lake blue- 
gills reached legal length late in their third or early in their fourth 
growing season. 

Pumpkinseed sunfish—Only 610 pumpkinseed sunfish were recov- 
ered from the lake. These weighed 29.18 pounds, or 3.37 per cent of 
the total weight of all fish, A summary of pumpkinseed population 
by age groups is given in Table 3. 

All of the fish with three or more annuli were lumped into one group 
because we could not separate these older fish into age groups with any 
degree of certainty. There were 32 fish of legal length recovered which 
weighed 11.68 pounds, or 40.03 per cent of the entire pumpkinseed 
population. Most of the pumpkinseeds probably reach legal length (6 
inches) in their third or fourth year of life. 

Green sunfish.—A total of 96 green sunfish was recovered from the 
lake. These weighed 5.4 pounds and made up 0.62 per cent of the 
total weight of all fish in the lake. Only 5 of these fish had attained a 
length of 6 inches or longer. 

Hybrid sunfish.—Thirteen hybrid sunfish were found. Five of these 
were pumpkinseed x bluegill and 8 were pumpkinseed x green sunfish. 
They had a total weight of 2.2 pounds and made up 0.25 per cent of 
the total weight of the entire fish population. 

Bullheads.—The yellow bullhead was the second most abundant 
coarse fish found in Third Sister Lake. A total of 670 specimens were 
recovered, constituting 4.34 per cent of the total number of all fish. 
These had a weight of 88.1 pounds, or 10.16 per cent of the total weight 
of the entire fish population. 

It was possible on the basis of size distribution to divide the bullhead 
population into 3 groups (Table 4). The first group, with an average 
total length of 2.1 undoubtedly represents age-group I. This group 
includes 61.3 per cent of the total number of all bullheads recovered. 
Likewise, we believe the second group, with an average total length of 
4.9 inches, represents age-group II and this includes about 9 per cent 
of the total bullhead population. Those in the third group include 
fish three years and older and make up 29.7 per cent of the number 
and 91.4 per cent of the weight of all bullheads. 

Common sucker—Only 10 common suckers having a combined 


Table 4.—The size, number, and weight of yellow bullheads recovered from Third 
Sister Lake 
Average Per cent Average Per cent of 


Size range total length of total weight Weight total weight 
(inches) (in hes)? Number number (ounces) (pounds) (pounds) 


1.2 2.6 2.1 

3.5-5.9 49 
6.0-and ove~ 9.3 

Grand total 
1Approximate lengths. 


a 

411 | 61.34 0.06 1.60 1.82 

60 8.96 0.89 3.32 3.77 

| 1y9 29.70 6.69 83.16 91.44 

| 670 | cove coos 88.08 | cove 
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weight of 22.8 pounds were recovered. It is evident that this species 
was not reproducing in the lake and that its presence was due either to 
migration or introduction. All of the specimens were either 3 or 4 
years old. It is entirely possible that these fish found their way up 
through the intermittent outlet during some previous high water peri- 
od. Conditions in Third Sister Lake are apparently not suited for 
the natural reproduction of this species and the common shiner de- 
scribed below. 

Chub-sucker.—The chub-sucker was the most common coarse fish in 
the lake. We recovered 947 specimens constituting 6.13 per cent of 
the total number of all fish in the lake. These weighed 16.6 pounds, 
or 1.92 per cent of the total weight of all fish recovered. 

It was possible to separate the yearlings of this species from adults 
by their length frequencies. One-year-old specimens had a size range 
of 1.6-3.1 inches in total length (average 2.3 inches) while the adults 
ranged from 3.4-7.9 inches total length (average 5.1 inches). There 
was a total of 835 young as compared to 112 adult individuals. The 
combined weight of the age-group I fish was 4.28 pounds while that of 
the adults was 12.32 pounds. 

Mud pickerel._—A total of 138 mud pickerel with a combined weight 
of 8.7 pounds was recovered from Third Sister Lake. These made up 
0.89 per cent of the total number and 1.0 per cent of the total weight 
of the entire fish population. 

It was not possible to determine the ages of these fish or divide them 
into groups on the basis of size. They ranged from 4.6-11.0 inches in 
total length (average 6.1 inches). 

Black-chinned shiner.—The black-chinned shiner and black-nosed 
shiner made up slightly more than 50 per cent of the total number of 
fish recovered in this study. There was a total of 3,215 of the black- 
chinned shiners constituting 20.8 per cent of the total number of all 
fish recovered. These weighed 6.6 pounds or 0.76 per cent of the total 
weight of the entire fish population. 

They had a size range of 1.1-2.4 inches in total length (average 1.9 
inches). 

Black-nosed shiner.—The black-nosed shiner was the most abundant 
fish in Third Sister Lake, represented by 4,530 specimens constituting 
29.31 per cent of all fish. This species had a weight of 8.3 pounds, or 
0.96 per cent of the combined weight of all fish. Their size ranged 
from 1.5-2.5 inches in total length with an average of 1.7 inches. 

Common shiner.—All of the 30 specimens of common shiner recov- 
ered were adults. As mentioned above, this species and the common 
sucker probably do not reproduce successfully in Third Sister Lake. 
The specimens recovered ranged in total length from 5.3-8.4 inches 
(average 7.6 inches). 

Golden Shiner.—Golden shiners, 174 in number, with a size range of 
2.1-6.9 inches in total length (average 5.1 inches) were recovered. 
These made tip 1.13 per cent of all fish collected. The combined weight 
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of this fish population was 5.9 pounds, or 0.68 per cent of the total 
weight of all fish collected. Both young and adult specimens were 
found but no attempt has been made to separate them. 

Mud minnow.—The mud minnows recovered total 230 specimens or 
1.49 per cent of the entire fish population. They weighed only 1.8 
pounds, or 0.2 per cent of the total weight and ranged in size from 
1.6-4.5 inches (average 2.8 inches). 

Iowa darter.—A total of 264 darters weighing 0.3 pound were col- 
lected. This constitutes 1.71 per cent of the number and 0.04 per cent 
of the weight of all fish recovered. The darters ranged in size from 
1.0-1.8 inches in total length (average 1.6 inches). The darters were 
the most inconspicuous and the least apt to float of any of the fish in 
the lake. We are sure that these figures are not representative of the 
actual population of this species. 


DIscussIONn 


There was a total of 15,454 fish weighing 866.6 pounds recovered 
from Third Sister Lake (Table 5). These do not include the two 
largemouth bass, 17 bluegills, one pumpkinseed, one mud minnow, and 
one common shiner recovered either immediately before or after the 
second poisoning. 

Third Sister Lake had a population of 86.7 pounds (1,545 fish) per 
acre. On the basis of existing fish population studies in North Ameri- 


ea, this production is intermediate between the northern natural lakes 
(Canada and Northern Michigan) and the southern artificial lakes 
(Illinois, Alabama, and Louisiana). It much more nearly approaches 
the northern averages, however. Meehean (1942), on the other hand, 
reported a range of 22-110 pounds per acre for 5 natural lakes in north 
central Florida. A comparison between the pounds per acre of the 
various waters studied does not have much significance unless the vari- 
ous factors contributing to lake productivity are considered. Natural 
lakes are more apt to be less productive than small artificial ponds be- 
cause of their deeper basins and limited shallow water, regardless of 
whether they are situated in the north or the south. Three Nova 
Scotian lakes studied by Smith (1938) had an average of 24.3 pounds 
(977 fish) per acre while 6 Michigan lakes located in the upper part of 
the Lower Peninsula (Eschmeyer, 1938) had an average of 58.3 
pounds (785 fish) per acre. Except for one lake (Standard) the aver- 
age pounds per acre on these Michigan lakes was very close to that of 
the Nova Scotian lakes. Two Illinois lakes (Thompson and Bennett, 
1939 A and B; Bennett, Thompson and Parr, 1940) had an exceeding- 
ly high production (average 439 pounds; 2,888 fish per acre). These 
artificial lakes are small, shallow and in general of a highly produc- 
tive nature. : 

Two ponds situated in the deep south showed even greater produc- 
tion. Swingle and Smith (1940) report that a one-acre Alabama pond 
contained 657 pounds per acre while Viosca (1936) found 860 pounds 
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of fish per acre in a small borrow pit in Louisiana. Tarzwell (1941), 
on the other hand, found only 219 pounds of fish per acre in a two- 
acre pond in Alabama, and Juday (1938) gives an estimate of 365 
pounds of fish per acre in a Wisconsin lake, showing that locatoin 
alone does not determine the productivity. 

Game fishes—The game fishes, represented by largemouth black 
bass, bluegills, pumpkinseed sunfish, and hybrid sunfish made up 33.3 
per cent of the total number and 80.3 per cent of the total weight of 
all fish. About 11 per cent of the number and 70 per cent of the 
weight of all fish recovered were legal game fish. Bluegills were by far 
the most important species, a total of 1,560 legal bluegills being recov- 
ered. These weighed almost 500 pounds or about 50 pounds per acre. 


Table 5—Summary of numbers, weights, and pounds per acre of all fish recovered 
from Third Sister Lake 


Per cent Per cent of 
of total Weight total weight Pounds 
Species! Number number | number _ | (pounds) | (pounds) | peracre (pounds) per acre 
GAME FISHES: 


Largemouth black bass... 470 J 14.64 


Bluegills a 61.99 
Pumpkinseed sunfish 10 5 
Hybrid sunfish 0.25 
COARSE FISHES: 

Green sunfish .... 

Yellow bullhead 

Common sucker 

Chub-sucker .... 

Mud pickerel 


FORAGE FISHES: 
Black-chinned 


Common shiner .. 
Golden shiner 
Mud minnow 
Iowa darter 


Grand total .... 15,454 866.6 866.6 | 


1The categories of game, coarse, and forage fishes are in accordance with the present 
legal classification in Michigan. 


During the 22 days prior to poisoning (May 6, 1941), a record was 
made of the number and kinds of fish removed by angling along with 
the number of hours of effort. All fishing was done with either fly rod 
or casting rod, using artificial lures. Fishermen were allowed to fish 
where they chose on the lake and operations were fairly well dispersed 
over the submerged plant beds in the lake. As might be expected, cer- 
tain spots, were favored. Several of the fishermen might well qualify 
as experts but about an equal number were either beginners or of only 
average skill and experience. We do believe, however, that in general 
the fishermen participating in this experiment would show a somewhat 
better average than the general run of fishermen over the state. 

A total of 431 fish weighing 153 pounds were caught on fly rods in 
80 man-hours of fishing. Of these, 9 were largemouth black bass 


= 
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(weight 3.97 pounds), 396 were bluegills (weight 126.5 pounds), and 
11 were pumpkinseed suntish (weight 2.8 pounds). One each of com- 
mon shiner, bullhead and hybrid sunfish were also taken. A total of 
22 largemouth bass weighing 19.04 pounds were caught with a casting 
rod in 54% man-hours of fishing. The average catch per hour of all 
angling was 4.62 fish as compared to the 1 fish per hour average re- 
ported in the general creel census for Michigan. Bennett, Thompson 
and Parr (1939) report a catch of 4.37 fish per hour on Fork Lake, 
Illinois, but the fishing period was spread over a much longer time. 

During the period covered by our experiment, 22 per cent by weight 
and 8.6 per cent by number of the entire fish population of Third Sis- 
ter Lake was removed. The bluegills caught by hook and line consti- 
tuted 24.4 per cent of the number and 25.1 per cent of the weight of all 
legal bluegills in the lake; the largemouth bass taken in this manner 
made up 31 per cent of the number and 23.9 per cent of the weight of 
all legal bass in the lake. 

Coarse fish.—Green sunfish, yellow bullhead, common sucker, chub- 
sucker, and mud pickerel are considered in the category of coarse fish. 
They made up 12 per cent of the number and 16.3 per cent of the 
weight of all fish. There was a total of 14.1 pounds of coarse fish per 
acre. 

Forage fish—The six species of forage fish (Table 5) constituted 
54.6 per cent of the number and 3.4 per cent of the weight of all fish 
recovered. There was a total of 2.95 pounds of forage fish per acre. 

The numerical ratio between game, coarse and forage fish in Third 
Sister Lake was approximately 3:1:5 respectively and the weight ratio 
between these three categories was 27:5:1. 
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THE FISH POPULATION IN THREE SMALL LAKES IN 
NORTHERN WISCONSIN 


D. JouHn O’DONNELL 
Wisconsin Conservation Department, Spooner, Wisconsin 


ABSTRACT 


An analysis of the total fish populations in three northern Wisconsin 
lakes, as revealed by the use of a derris-root treatment, designed to eradi- 
cate an undesirable carp population, is presented. The lakes were all bass 
lakes that had become infested with carp. A concentration of 1.25 pounds 
of derris root (5 per cent rotenone) was used per acre-foot of water. Pre- 
liminary, intensive netting operations were conducted to test the efficiency 
of %-inch-mesh (stretched measure) fyke nets in estimating fish popula- 
tions. From 10.4 to 15.6 per cent of the total weight of the fish present 
and from 6.8 to 31.1 per cent of the total number of individuals were 
caught. The wide variation in the percentage of individuals taken was 
due to a difference in species composition in the three lakes. 

Long Lake (27.1 acres), contained a “total standing crop” of 59,072 fish 
or 2,180 per surface acre. The total weight was 3,657 pounds (135 pounds 
per acre). East Twin Lake (13 acres) had a population of 20,159 fish 
(2,413.5 pounds or 186 pounds per acre). West Twin Lake (13.5 acres) 
gave a total population of 5,809 fish, with a total weight of 1,243.2 pounds 
(92 pounds per acre). The role of the various species of fish in the com- 
munity is discussed. 

The three lakes were restocked according to a fish-management plan 
which was formulated in an attempt to restore each lake to its original 
status as a black bass lake. One lake was restocked with largemouth 
black bass, bluegills and fathead minnows; another with smallmouth black 


bass, bluegills and crayfish; and the third with largemouth black bass and 
bluegills. 


INTRODUCTION 


During the past few years, in an attempt to gather basic ecological 
data for improving fishing, workers in fish management have shown 
an increased interest in the determination of the total fish population 
or ‘‘total standing crop”’ in lakes and streams. Such information is 
vitally necessary in any program of fish management. In many lakes, 
the population may be unbalanced to such an extent that complete re- 
moval of the population is necessary. This condition was found to ex- 
ist in the three lakes upon which the present report is based. The lakes 
which are discussed are landlocked black bass lakes in which carp 
became established. 

The species composition of undesirable fish populations of small in- 
land lakes varies widely. Some populations may consist largely of 
rough fish such as carp (Cyprinus carpio), or of predators such as 
garfish (Lepisosteus osseus oxryurus) and dogfish (Amiacalva), or they 
may be game or panfish, such as yellow perch (Perca flavescens), wall- 
eyed pike (Stizostedion vitreum vitreum), or northern pike (Esoxr 
lucius), which may be ecological ‘‘ misfits,’’ usually present as a result 
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of transplants. Carp in the northern lakes are very undesirable, in. 
that they compete with more valuable species for food, are not fished 
for, and so change conditions that the numbers of game fish are mark- 
edly reduced. Perch are almost as objectionable, in that they usually 
are slow growing or stunted, compete for food, and may take such a 
heavy toll of game-fish fry and fingerlings that they soon dominate a 
lake. Black crappies (Pomozxis nigro-maculatus) likewise have over- 
run certain northern lakes into which they have been introduced. 

Many methods have been tried in attempts to control undesirable 
fish populations. Because it is practically impossible to eliminate com- 
pletely a fish population by means of seines and fyke nets, various 
chemical methods have been employed with varying success. The re- 
sults of certain of these experiments will be reviewed briefly. 

Titecomb (1914) was the first to use copper sulphate as a means of 
destroying a population of an undesirable species. Catt (1934) and 
Smith (1935, 1938, 1940) treated several Nova Scotia lakes with cop- 
per sulphate and studied the effects of the treatment on the fish popu- 
lation as well as other fauna and the flora. The copper sulphate failed 
to kill all of the fish. This method is further complicated by differ- 
ences of species susceptibility, and by the effects of temperature, de- 
gree of hardness of the water, and other factors on the toxicity of the 
copper sulphate. In addition, copper sulphate destroys algae and 
other fish-food organisms. Eschmeyer (1937, 1938a, 1938b, 1938c) 
used powdered derris root (5 per cent rotenone) for the destruction of 


populations of stunted perch in several Michigan lakes. Derris root — 


is much more effective than copper sulphate in killing fish. When 
properly administered, it will destroy all fish, and for this reason its 
use is restricted to the elimination of obnoxious fish or of fish in over- 
populated bodies of water. The use of derris root has now been adopt- 
ed by several States for the study of total productivity and for the re- 
moval of undesirable populations. When used properly the fish-food 
organisms are not destroyed (Leonard, 1939). 

Derris root was used in three small lakes in Bayfield County, Wis- 
consin, in order to remove completely an undesirable carp population. 
At the same time, a study was made of the total fish population in the 
lakes. This study of complete fish populations is the -first that has 
been made in Wisconsin. The three lakes treated are Long Lake, East 
Twin Lake, and West Twin Lake. In the discussion of results to 
follow, the data for the three lakes will be compared. 


DESCRIPTION OF THE LAKES 


Long Lake is located about 7 miles west of the town of Washburn, 
Bayfield county, Wisconsin, Sec. I, T. 48 N., R. 6 W., and Sec. 6, T. 
48 N., R.5 W. The lake has an area of 27.1 acres, a shoreline of 1.1 
miles, an average depth of 10 feet, and a maximum depth of 15 feet. 
The shores and littoral region are sand and gravel, while the center is 
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elay, with a thin layer of muck. The surrounding country is wooded, 
with jack pine and highland brush. 


West Twin Lake is located approximately 2 miles northwest-of Long 
Lake. The lake has an area of 13.5 acres, an average depth of 20 feet, 
and a maximum depth of 35 feet. Much of the shore area is sand and 
gravel, while the balance is clay. The center of the lake is clay and 
muck. A good stand of jack pine surrounds the lake. 


East Twin Lake is located a quarter-mile east of West Twin Lake. 
It has approximately the same size (area, 13 acres), is more or less 
round, with a maximum depth of 15 feet, and an average depth of 10 
feet. There is a small amount of sand and gravel shore; however, most 
of the shore is clay and muck, while the bottom is clay with a covering 
of muck. The surrounding country is covered principally with jack 
pine. 


History OF ANGLING IN THE LAKES 


The early history of the three lakes indicates that they were sub- 
stantially bass lakes. Sixty years ago, Long and West Twin Lakes had 
a reputation of being probably the best smallmouth black bass (Micro- 
pterus dolomieu dolomieu) lakes in Bayfield county. East Twin Lake 
was primarily a largemouth black bass (Huro salmoides) lake. The 
fishing was excellent. In 1891, however, Dr. W. C. Coburn and Mr. 
George Francis, two enthusiastic sportsmen, planted a number of carp 
in the lakes in order to ‘‘make fishing better.’’ The black bass fishing 
held up well for some years but about 1910 began to decline rapidly 
and by 1920 had become so poor that angling had been practically 
abandoned. The opinion locally was that the carp population was re- 
sponsible for the decrease in bass. Since 1920, Long Lake has received 
a number of plantings of various species of fish. Near 1930, yellow 
perch were introduced and in 1937, Long Lake received 700 adult 
black crappies, while East and West Twin Lakes were each stocked 
with 150 black crappies. These lakes had never contained crappies 
before 1937. Fishing remained poor. Only occasional walleyed pike 
or crappies were taken. The bass fishing had entirely disappeared 
before the introduction of crappies and it should be noted that no bass 
whatsoever were taken in the nets or killed by the derris root in Long 
Lake. Only a few bass were taken from East Twin and West Twin 
Lakes. 


THE PROBLEM OF RESTORING ANGLING 


Since fishing had declined to such an extent that only an occasional 
crappie or walleyed pike could be taken, and very few people fished the 
lakes, the problem was presented of attempting to restore the lakes to 
their original status as black bass lakes. It was known that the lakes 
contained carp and other undesirable species which had undoubtedly 
so changed the environment that few, if any, black bass could exist. It 
was obviously necessary first to eliminate completely the undesirable 
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population and then restore the lakes by means of a scientific, fish- 
management plan. 

Now it is an accepted fact that each lake is an individual entity 
The various physical, chemical, and biological factors present give 
any lake a certain character which is reflected in the total crop or 
productivity of the lake in pounds of fish per acre. The productivity 
probably remains more or less constant unless some change occurs in 
the physical, chemical, and biological conditions. From the practical 
standpoint it is desirable that the population of these three Wisconsin 
lakes be composed of bass and bluegills instead of the undesirable 
earp, stunted perch, and other species. The total poundage of fish per 
acre would be the same for either population. 


PROCEDURE 


It was thought desirable to harvest as many as possible of the more 
valuable species for transfer to more suitable waters before the poison 
was placed in the lakes. Fyke nets (5 feet deep with 14-inch mesh, 
stretched measure) were employed for the purpose. These nets were 
fished until the catch was so small as to make further netting imprac- 
tical. Thirteen fyke nets were fished for 12 days in Long Lake, 16 
nets for 5 days in West Twin Lake, and 19 nets for 3 days in East 
Twin Lake. All carp caught were killed, measured, weighed, and 
buried, while all other fish were counted, weighed, and measured, and 
then transferred to other lakes in the county. 

The derris root (5 per cent rotenone content) was applied by sev- 
eral methods. A pumping unit powered with a gasoline motor was 
operated from a motorboat over the lake to spray a thin water suspen- 
sion of derris on the surface. Motorboats, with a gunny sack, contain- 
ing about 50 pounds of powdered derris root tied to each side, were 
run in a crisscross pattern so that the lake surface was uniformly 
treated. As the boats traveled over the lake, the ropes tied to the sacks 
were given an occasional tug with the result that a steady stream of 
derris flowed from under the boat. In addition, derris was mixed with 
water to make a thin suspension which was poured slowly from buckets 
over the bow of the boat propelled by an outboard motor. Finally the 
ordinary 5-gallon back-pack fire fighting pumps were used to spray the 
shallow shore areas. 

Fish began to appear within 5 minutes after treatment started, and 
the number showing distress rapidly increased. Many of the fish 
floated and were picked up immediately. Collection of fish continued 
for 4 days. The greater portion of them were picked up on the second 
day, and by the fourth day, only an occasional straggler could be 
found. The rapidity of reaction varied in the lakes. In Long Lake, 
with a water temperature of 76° F., fish started coming to the surface 
within 5 minutes, while the fish were much slower in reacting to the 
poison in Twin Lakes, in which the water temperature was 59° F. 

The dead fish were picked up and sorted according to species. Prac- 
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tically all fish collected on the first day were measured individually, 
and representative samples of scales were taken for growth study. The 
lake was cleared of fish daily after the first day, and all were sorted 
into species, counted, and weighed. 

Long Lake was treated on August 11, 1941, with 340 pounds of 
derris root. The total cost of treatment was approximately $4.13 per 
surface acre. West Twin Lake was treated on September 10, 1941, 
with 310 pounds of derris root, while East Twin Lake received 200 
pounds on the afternoon of the same day. 


POPULATION STATISTICS 


Fish removed by netting.—The results of netting operations in each 
of the three lakes have been grouped together for comparison (Table 
1). Although the lakes were netted intensively, the catch of carp was 
of little consequence. Of 4,000 fish taken from Long Lake, only 8 were 
carp. Two carp were caught in West Twin Lake and 30 in East Twin 
Lake. Each lake had a heterogeneous assortment of species for such 
small ‘‘bass’’ lakes. The principal species were yellow perch and 
black erappies with some walleyed pike. The total catch of fish as a 
result of intensive netting was: Long Lake—4,000 individuals with a 
weight of 566.5 pounds; West Twin Lake—1,779 individuals with a 
weight of 120 pounds; East Twin Lake—1,274 individuals with a 
weight of 345.5 pounds. 

Fish removed by rotenone.—Table 1 also lists the total number, total 
weight, and average weight of fish destroyed by rotenone in the three 
lakes. Although yellow perch contributed the largest number of any 
species in Long Lake (34,856), the carp population accounted for the 
most pounds (2,009). A total of 55,072 fish, weighing 3,091 pounds 
was collected after the treatment. Of the total of 3,091 pounds, only 
132 pounds consisted of game fish (walleyed pike and black crappies). 
The yellow perch can be classified only as ‘‘serub’’ perch since their 
size ranged from 214 to 4% inches. During the netting operations, 
504 common white suckers (Catostomus commersonnii commersonnit) 
were removed, while only 76 were destroyed by the chemical. In con- 
trast to this situation 8 carp were taken by netting, while 1,958 were 
poisoned. The relative efficiencies of the two methods of fish removal, 
exhaustive netting and derris root, are given in Table 1. Extensive 
fishing with nets until the daily catch was so small as to make further 
work impractical resulted in the removal of only 6.8 per cent of the 
total fish population (by number) of Long Lake. Furthermore, this 
method failed to remove many of the carp. Of the total poundage of 
fish in the lake, netting removed 15.6 per cent. The application of der- 
ris root accounted for the balance of the population (93.2 per cent of 
the total number of fish and 84.4 per cent of the total pounds) orig- 
inally present in the lake. 

The total standing crop in Long Lake (sum of netted and poisoned 
fish) consisted of 59,072 individuals or 2,180 fish per acre. The ex- 
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tremely large number of runt perch and the ‘‘knot-head’’ condition of 
the carp indicated overcrowding and stunting. The ‘‘knot-head’’ con- 
dition of carp and the causes contributing to it were discussed by 
Thompson (1928). In recent years, since the stocking of perch, the 
lake has been fished very little. It contained very few game fish of a 
desirable size from the standpoint of angling. 

The total standing fish crop was large, 3,657.5 pounds or approxi- 
mately 135 pounds per acre. This ‘‘ productivity’’ exceeds those found 
by Catt (1934) and Smith (1935, 1938, 1940) for the Nova Scotia 
lakes (17.0 to 36.0 pounds per acre) and also most of those found by 
Eschmeyer (1937, 1938a, 1938b, 1938c) for the Michigan lakes and 
ponds (five lakes with 21.0 to 49.0 pounds per acre and one lake with 
194.0 pounds per acre). However, Thompson and Bennett (1939) 
found higher values for Illinois lakes and ponds (232.0 to 1,143.0 
pounds per acre). Furthermore, certain Alabama ponds, Tarzwell 
(1940) (219.0 pounds per acre) and the Louisiana ponds, Viosca 
(1935) (860.0 pounds per acre), all contained greater weights of fish 
than Long Lake, due to a number of factors, of which higher fertility 
of the water and longer feeding seasons are perhaps the most impor- 
tant. 

’ Caleulations were made for each important species, of the percent- 
age of the total population in each size group (Table 2). 

The length-frequency distribution supported the belief that condi- 
tions within the lake were abnormal. All of the carp were in a starved, 
‘“‘knot-head’’ condition and none were found that were less than 11 
inches long. Since the carnivorous varieties were increased consider- 
ably within the last 5 years (addition of crappies), it is quite possible 
that the young-of-the-year carp are destroyed by predators, since with 
such a large population of carp, it is unreasonable to suppose that no 
reproduction occurred. The same situation occurred with the common 
sucker. With the walleyed pike, only large fish and young of the year 
were found. Only a comparatively few large walleyed pike were pres- 
ent in the lake. The presence of the young of the year indicates that 
spawning occurred since no fry had been planted. However, no wall- 
eyed pike were taken whose size fell between that of the current sea- 
son’s young and fish 17 inches long. All small fish, of the various 


Table 2.—Calculated percentage of total population of Long Lake in each 


size group 

Carp | Black crappie | Common Sucker | Walleyed pike 
Total Total {| Total | | Total | 
length length length | | length | 
(inches) | Percentage| (inches) | Percentage (inches) Percentage | (inches) | Percentage 
11-12 | 15 | 24 92.1 | 810 | 223 | 23 | 962 
12-13 22.8 | 4-6 5.0 10-12 40.7 H 17-21 | 3.8 
13-14 | 469 6-8 1.5 12-14 
14-15 19.1 | 8-10 | as, 
18-25 | | | | 
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species present, were collected in the shoal area in less than 1 foot of 
water. The bottom could be seen clearly, even when covered with seyv- 
eral feet of water, and no small fish were observed in these deeper 
areas. The only fish which seems to have been holding its own was 
the dominant black crappie. In this species, all size groups were taken 
from 2 to 12 inches. The examination of scale samples from the small. 
er carp and suckers, and from the adult walleyed pike, revealed that 
they were all 6 years old or older. 

A total of 4,030 fish of all species with a weight of 1,123 pounds, 
were removed by the use of derris root in West Twin Lake. Of these, 
970 fish were carp weighing 1,002 pounds (average weight of slightly 
over 1 pound). The total fish population, including netted and poi- 
soned fish, consisted of 5,809 individuals having a total weight of 1,243 
pounds. The total production therefore, was 92 pounds of fish per 
acre. 

Carp made up 1,002 pounds or 80.6 per cent of the total of 1,243 
pounds. The derris killed 68.9 per cent of all the fish originally pres- 
ent or 89.6 per cent of the total pounds of fish. The fyke nets removed 
31.1 per cent of the population but only 10.4 per cent of the total 
weight. 

The total number of fish, of all species in East Twin Lake, killed by 
the derris root was 18,885 which had a weight of 2,068 pounds. The 
total standing crop of the lake (fish netted or poisoned) amounted to 
20,159 fish with a weight of 2,413.5 pounds. The standing crop 
amounted to 1,551 individuals or 186 pounds of fish per acre. This 
production agrees quite well with that of Long Lake. Of the 2,413.5 
pounds of fish in the lake, 1,868 pounds or 77.4 per cent consisted of 
carp. The more desirable fish weighed only 545.8 pounds. 

In the netting operations, 6.4 per cent of the total number of fish 
and 14.3 per cent of the total weight were removed. The derris root 
accounted for the balance or 93.6 per cent by number and 85.7 per 
cent by weight. Here as in the other lakes few carp were taken by nets. 


RECOMMENDATIONS FOR F'uTURE MANAGEMENT 


As a result of the present study, the approximate total potential 
productivity in pounds of fish per acre is known for each of the three 
lakes. The productivity (standing crop) of 135 pounds per acre for 
Long Lake, 92 pounds per acre for West Twin Lake, and 186 pounds 
per acre for East Twin Lake should be considered as minimum. With 
the removal of the carp, the remnants of weed beds should multiply 
and spread with a resulting increase in insect larvae or other available 
food. 

The fish-management programs recommended for the three lakes are 
as follows: Long Lake—stock the lake with 2,000 smallmouth black, bass 
fingerlings, 500 adult bluegills (Lepomis macrochirus macrochirus) 
and 13,000 fathead minnows (Pimephales promelas). This stock should 
be allowed to build itself up to the full carrying capacity of 135 
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pounds per acre. West Twin Lake—stock the lake with 1,500 small- 
mouth black bass fingerlings, 350 adult bluegills and in addition, plant 
2,000 crayfish. No additional plantings of any kind are to be made. 
East Twin Lake—stock the lake with 1,500 largemouth black bass 
fingerlings and 300 adult bluegills. No additional fish whatsoever are 
to be planted. 
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SUMMARY 


1. Three lakes in Bayfield County, Wisconsin, whose size ranged 
from 13 to 27.1 acres, were fished with fyke nets for 3 to 12 days, and 
then treated with derris root which destroyed the total remaining pop- 
ulation. 

2. Netting removed from 6.4 per cent to 31.1 per cent of the total 
numbers and from 10.4 per cent to 15.6 per cent of the total weight. 

3. The effectiveness of the nets varied widely according to the spe- 
cies. Carp in particular were relatively scarce in the catch. 

4. The total numbers of fish in the different lakes were: Long Lake 
—59,072; East Twin Lake—20,159; West Twin Lake—5,809. The 
total weights were: Long Lake—3,657.5 pounds; East Twin Lake— 
2,413 pounds; West Twin Lake—1,243 pounds. 

5. The numbers of fish per acre were: Long Lake—2,180; East 
Twin Lake—1,551; West Twin Lake—430. The total weights per acre 
were: Long Lake—135 pounds; East Twin Lake—186 pounds; West 
Twin Lake—92 pounds. 

6. The black crappie was the only species in Long Lake having a 
normal distribution of age groups. Only large individuals of carp and 
suckers were found. Large walleyed pike and young of the year were 
present but fish of intermediate sizes were absent. The black crappie 
was very probably ‘‘ecologically dominant’’ although the carp made 
up 55.1 per cent of the total weight. 
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7. Situations in East Twin Lake and West Twin Lake were similar 
to that encountered in Long Lake. Apparently the black crappie was 
dominant in these lakes also, although the carp made up the bulk of 
the total weight of, the populations (East Twin Lake—77.4 per cent; 
West Twin Lake—80.6 per cent). 


8. The condition of all three lakes was such that the complete eradi- 
cation of the population was eminently desirable, as, with the excep- 
tion of black crappies, almost no game fish of suitable size for capture 


by anglers were present in these formerly highly reputed black bass 
lakes. 


9. A management program has been instituted whereby it is hoped 
the three lakes will be restored to their former status as excellent black 
bass waters. 
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SCYPHIDIA THOLIFORMIS, A PERITRICHOUS PROTOZOAN 
FOUND ON THE GILLS AND EXTERNAL SURFACES 
OF MICROPTERUS DOLOMIEU AND MICROPTERUS 
SALMOIDES 


EuGENE W. SuRBER 


U. S. Department of the Interior, Fish and Wildlife Service, 
-  Kearneysville, West Virginia 


ABSTRACT 


Scyphidia tholiformis is an urn-shaped peritrichous protozoan measuring 
about 59 microns in length and 35 microns in width. It possesses a double 
row of cilia about one-third of the distance from the anterior end of the body 
and has a large scopula which is variable in shape and provides a large sur- 
face for attachment. The macronucleus is long and band-like, and makes a 
semicircle beneath the peristome from which it extends into the lower part of 
the body. The small, ovoid micronucleus is located near the middle of the body. 

The organism is found on the external body surfaces and the gills of large- 
mouth and smallmouth black bass. Its relationship to its host is probably 
that of an ecto-commensal, but there is further evidence that these organisms 
may indirectly cause mortality among bass. 

he organism is interesting because of the manner in which it becomes 
dome-shaped when it leaves its host, causing it to resemble Trichodina. In 
this form, locomotion is accomplished by means of the central cilia. 

It reproduces by longitudinal binary fission and cojugation of anisogametes. 


INTRODUCTION 


In October, 1939, another undescribed species of Scyphidia appeared 
in large numbers on the gills and external surfaces of largemouth and 
smallmouth black bass in the same warm-water circular pools at Lee- 
town, West Virginia, in which Scyphidia micropteri (Surber, 1940) 
was found the previous year. At first, it seemed that this was merely 
a stage in the life cycle of Scyphidia micropteri. This was disproved 
after repeated observations (October 19, 1939 to August 4, 1940) and 
the organism was given the specific name tholiformis because of its 
characteristic dome shape during locomotion. 

Scyphidia tholiformis is of particular interest because of its compli- 
cated methods of reproduction, as well as its ability to transform itself 
into a free-swimming, dome shaped, antero-posteriorly flattened 
ciliate, superficially resembling Trichodina, a parasite of trout and 
bass commonly found in hatcheries. 

The first record of the new species at Leetown occurred in 1937. On 
September 10, 1937, Dr. James S. Gutsell examined some large finger- 
ling smallmouth black bass which were being held for distribution in 
a concrete raceway 125 by 8 feet. These fish had begun to die in con- 
siderable numbers, and when they were examined, he recorded the 
presence of suctorians and a ciliate. His rough sketeh of the latter 
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animal showed a band of central cilia, and, from its outline, it un- 
doubtedly was the species described in this paper. 


Scyphidia tholiformis was also found in abundance (August 3, 4, 
1940) in concrete raceways at the New Jersey State Fish Hatchery at 
Hackettstown on largemouth bass fingerlings about 2 inches in length. 
Mr. Robert O. Hayford of the Hackettstown Hatchery states that large 
numbers of small bass are lost unless treated to remove this organism. 
He prescribes immersion of the fish for one hour in a 1.5 per cent 
salt solution. Although this organism has not caused any loss of fish 
at Leetown, its presence in large numbers must be regarded with 
suspicion. 

Dr. H. S. Davis called the attention of the writer to this species dur- 
ing the course of his studies on the parasites of bass. He also loaned 
slides with sectioned gills of the channel catfish, Ictalurus punctatus, 
collected at Fairport, Iowa, July 14, 1916, possessing Scyphidia which 
proved to be Scyphidia tholiformis. The writer is indebted to Dr. 
Davis and to Mrs. Estelle Lazar, formerly of the staff of the Fisheries 
experimental Station, Leetown, West Virginia, for valuable aid as well 
as for living and stained material. 


The writer expresses appreciation for generous cooperation extended 
by Robert O. Hayford and Charles O. Hayford during observations on 
this species at Hackettstown, New Jersey. 


IDENTIFICATION 


The genus Scyphidia includes a group of solitary peritrichous, cili- 
ated protozoa belonging to the Family Vorticellidae and having the 
following characters: Body cylindrical or urn-shaped and without a 
stalk ; adherent posteriorly to foreign bodies by means of an acetabuli- 
form organ of attachment; surface of the integument often trans- 
versely or obliquely furrowed; body usually without cilia; oral end 
with a ciliary disc provided with two ciliary girdles running in a 
contraclockwise spiral ; margin of the peristome padded, rarely turned 
down; peristomial groove continued as a vestibule, with the cytostome 
at its end; position of contractile vacuole variable; macronucleus of 
variable form. 

The species described in this paper is a typical example of the 
genus. There are no described species of this genus (or closely related 
genera) which bear even a close structural resemblance to it. Only 
one species, Scyphidia rhizopoda (Lepsi) has been recorded with a 
band of central cilia. Grenfell (1887) observed cilia in the middle 
region of Scyphidia amoebaea during transverse fission. Scyphidia 
annulata (Edmondson) and Scyphidia micropteri Surber have a clear 
ring around the body located in the posterior and middle regions, re- 
spectively. In neither species does the ring bear cilia. 
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Figure 1.—Sketch of Scyphidia tholiformis showing structure (x about 1,980). 


c.c.—central cilia: mac.—macronucleus 
¢.v.—contractile. vacuole mic.—micronucleus 
d.—ciliary disc mth.—mouth 
gull.—gullet per.—peristome 
scop.—scopula 
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DESCRIPTION 


Scyphidia tholiformis (N. 8S.) has the characteristic urn shape which 
is generically representative (Figures 1,2(C),3). The average length 
of thirty-three living specimens was 59.1 microns. (The maximum 
length was 82.9 microns, the minimum, length 42.9 microns.) The av- 
erage width (measured a short distance below the peristome) was 35.2 
microns. 

The entire body from scopula to peristome is annulated. A girdle 
consisting of a double band of cilia is located about one-third of the 
distance from the peristome to the base. The scopula is a wide-spread- 
ing, cup-like organ of attachment, variable in shape. Its average width 
in the above-mentioned group of living specimens was 34.8 microns. 
In two specimens, 57.1 and 68.6 microns in length, the scopula attained 
a maximum diameter of 48.6 microns. 

The gullet is shorter than in Scyphidia microptert and the contrac- 
tile vacuole which is just below the ciliary disc, is located more anteri- 
orly. The average diameter of the contractile vacuole is about 10.7 
microns. 

The macronucleus extends through most of the body as a paired, 
elongated structure (See Figures 1 and 4) and is joined anteriorly by 
a horseshoe-like semicircle about the peristome. In its usual semi- 


Figure 2.—Various forms of Scyphidia tholiformis on gills of Micropterus dolo- 
mieu: A—conjugating individual; B—Motile stage; C—normal vegetative animal 
(x about 338, from living material). 
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contracted position the macronucleus appears to be wider posteriorly, 
but in well-extended specimens, it can be seen to be of about equal 
width throughout. On the left arm of the macronucleus (with the 
mouth of the animal to the observer’s left as in Figure 1), there is 
probably always a short ‘‘prong’’ to the macronucleus. It measures 
about 9.0 microns long and branches off about 10.0 microns from the 
posterior end of the macronucleus. Both arms of the macronucleus 
may bear these prongs, but the right arm is generally without it. The 
macronucleus is about 2.7 microns in width. In ten stained specimens 
which averaged 64.4 microns in length, the macronucleus averaged 39.1 


Figure 3.—Living, unattached and well-extended specimen of normal vegetative 
stage (x about 723). 


microns from the anterior to the posterior extremities. The posterior 
ends of the macronucleus are sometimes bent anteriorly or are twisted 
about each other (Figures 4 and 5). 

The micronucleus is ovoid in shape (Figure 5), measures about 2.9 
by 2.7 microns, and is located below the band of central cilia in the 
middle of the animal. 

The animal changes from an urn-shaped to a discoidal or dome 
shaped form (Figure 2, B) when it leaves its attachment. At this time 
the peristome contracts, and the cilia about the peristome are folded 
in. The scopula is drawn into the body. After contraction, the band 
of central cilia becomes posteriorly located and is used for locomotion. 
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One individual which assumed this form measured 51.4 microns in 
diameter and 28.6 microns in depth. 


METHODS OF REPRODUCTION 


Reproduction in Scyphidia tholiformis is by longitudinal fission and 
conjugation of anisogametes or heterogametes. In conjugation, micro- 
gametes are formed by exogenous budding or gemmation which ap- 
parently takes place very rapidly. Individuals in the process of 
gamete formation can be readily distinguished from those undergoing 
conjugation. During gamete formation, the macronuclear material is 


Figure 4.—Stained specimen showing macronucleus (Mac.) and macronuclear prong 
(P), (x about 1,087). 


divided into a few (not more than eight) large, rounded bodies; the 
endoplasm remains unvacuolated; the exogenous bud (or micro- 
gamete) in the process of being cut off contains four large nuclear 
masses and apparently four small ones. In an individual destined to 
become the female or macrogamete the macronucleus divides into many 
(about thirty-two) large, irregularly shaped bodies. Macronuclear 
division begins at the posterior end and is preceded by micronuclear 
division. Female gametes in the process of conjugation usually have 
only one microgamete attached near the anterior end of the peristo- 
mial border (Figure 2, A). The microgametes (about 11.0 by 8.0 
microns in size) at the time of conjugation apparently have eight large 
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Figure 5.—Stained specimen showing micronucleus (Mic.), (x about 796). 


bodies of nuclear material within them. Conjugation evidently occurs 
at a much slower rate than gamete formation for large numbers of 
conjugating individuals can be found in material where it is taking 
place. 

Attempts to define precisely the significance of the series of compli- 
eated divisions which the micronucleus, as well as the macronucleus, 
undergo in sexual reproduction have proved fruitless. 

Asexual reproduction is accomplished by longitudinal fission, but 
relatively few dividing individual were observed. In this method, the 
macronucleus becomes rounded and centrally located and is in close 
association with the micronucleus. which is posterior to it. The con- 


striction of the body and macronucleus occurs after the division of 
the micronucleus. 
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LAKE MANAGEMENT STUDIES IN THE SANDHILLS 
WILDLIFE MANAGEMENT AREA 


Wiis Kine 


North Carolina Division of Game and Inland Fisheries 
Raleigh, North Carolina 


ABSTRACT 


The North Carolina Division of Game and Inland Fisheries is develop- 
ing a wildlife management area, including several lakes, in the Sandhills 
country of the south-central part of the State. The lakes are being developed 
and managed for public fishing. Three lakes were opened for the first time in 
1941, and in 1942 four lakes were opened to public fishing. All lakes were 
stocked with largemouth black bass, Huro salmoides (Lacépéde), and mixed 
bluegills, Lepomis macrochirus macrochirus Rafinesque and L. m. purpurescens 
Cope. Special permits were sold, and all catches were weighed and measured. 
A season of 10 weeks was permitted in 1941, and one of 6 weeks in 1942. In 
1941, 769 successful anglers caught 5,127 fish, weighing 2,611 pounds, from 
121 aeres of water. In 1942, 343 successful anglers caught 1,649 fish, weigh- 
ing 853 pounds, from 142 acres of water. Two lakes opened in 1942 for the 
first time, following stocking with legal-length largemouth black bass and 
bluegills, showed returns of 38 per cent of the bass and 25 per cent of the 
bluegills in one lake, and returns of 10 per cent of the largemouth bass and 
7 per cent of the bluegills in the other lake. This percentage of recapture 
throws some doubt on the advisability of stocking a new lake with legal- 
length fish in preparation for opening it to public fishing. There is evidence 


that the application of commercial fertilizer increased the yield of fish in one 
lake. Additional new lakes are under construction, and excellent opportuni- 
ties will be presented for future studies in management and fish production. 


INTRODUCTION 


The North Carolina Division of Game and Inland Fisheries, with 
the aid of Federal funds obtained through the Pittman-Robertson pro- 
gram, is developing a wildlife-management area in the Sandhills of 
the south-central part of the State. Developments on this area include 
several small lakes which are intended primarily as waterfowl resting 
and feeding areas, but which also provide ideal environment for large- 
mouth black bass and bluegill sunfish. The lakes offer excellent oppor- 
tunity for carrying on a carefully managed fishery program. All 
lakes are amply supplied by small streams which are fed by perma- 
nent springs, and all are well protected against danger from floods by 
properly constructed dams. 


DESCRIPTION OF THE LAKES 


The lakes all have clear water which is stained a dark amber color 
by the organic material present. The hydrogen-ion concentration of 
the water has been found to vary between 5.2 and 7.0, depending upon 
the amount of dead and living vegetation in the lakes, the size of the 
tributary streams, and possibly-ether factors. The lakes are relatively 
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shallow; the depth does not exceed 20 feet, except in deep holes in the 
old creek channels. Shorelines slope gradually, and at least one-third 
of the total water area of each lake is less than 5 feet deep. The sur- 
face areas of the lakes range from 21 to 65 acres. 

On the newer lakes, shorelines have only the original vegetation of 
the Sandhills uplands, which is predominantly longleaf pine, oaks, and 
wiregrass. On lower and moister lands and along streams vegetation 
is much denser and of more complex composition. In some localities 
the plant growth in the ‘‘bays’’ was left as shelter for fish and water- 
fowl. 

McKinney Lake, which is part of the U. S. Fish and Wildlife Serv- 
ice fish hatchery located on the area, has a grove of small blackgum 
and cypress trees at its upper end. Broadacres Lake has several acres 
of alder, willow, and buttonbush shrub. Several species of aquatic 
uplants have become well established in the lakes. A variety of 
Myriophyllum soon becomes established, and frequently is a nuisance 
to fishermen. No satisfactory way of controlling this plant has been 
found, although intense fertilization seems to offer some relief. Blad- 
derwort, Utricularia sp., is another pest plant which soon appears in 
the Sandhills Lakes. To date this plant threatens to become a nui- 
sance only in Scotland Lake. 


REcorD OF FisH STOCKED 


Table 1 presents a record of fish stocked in the lakes which are de- 
scribed in this report. Most of the fish came from the Federal hatch- 
ery on the area; others were from rearing ponds operated by the State, 
also on the area, and from the State fish hatchery near Fayetteville. 
The data on fish released in McKinney Lake are probably incomplete ; 
those for other lakes are essentially complete except as noted. 

Most of the lakes were stocked with common bDluegills, Lepomis 
macrochirus macrochirus Rafinesque, although a related subspecies, 
L. m. purpurescens Cope, occurs in the streams, and some of the fish 
released were of this variety. The two subspecies of bluegill appear to 
interbreed so that the characters of fish taken in the Sandhills Lakes 
are often intermediate, indicating hybridization of the two forms. The 
native fish reaches a larger size, and appears better adapted to avail- 
able environments in this portion of the State. 


FIsHING PROGRAM 


In 1941 a season of 10 weeks was set for public fishing in Broadacres, 
Kinney Cameron, and McKinney Lakes. The season began May 27 
and ended August 2. Fishing from State-owned boats and from the 
dams was permitted between the hours of 7:00 a.m. and 7:00 p.m. 
This regulation prevented undue trampling of the shorelines, and pro- 
vided an excellent opportunity to check on the catch of all fishermen. 
Creel checking stations were erected at each of the lakes with the help 
of C.C.C. labor. The State’s creel limits were reduced one-half, so that 
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each angler could retain only 4 largemouth black bass and 10 bluegills, 
or not more than 20 of all species in any one day. All anglers pur- 
chased permits before beginning to fish. These permits were sold for 
50 cents each, and were good for a day’s fishing. Boats were rented 
at the rate of 50 cents per day. All catches were weighed, length of 
the bass measured, and all data recorded on a standard form. Creel- 
station attendants were hired to assist regular Division employees in 
manning the stations. 

The same regulations were followed in 1942, except that the daily 
hours of fishing were changed to start at sunrise and end at sunset. 
A shorter season was employed, beginning May 30 and ending July 5. 
In 1942 four lakes were opened to fishing ; two that were open in 1941, 
and two new lakes which had not been previously opened to fishing. 


CREEL RETURNS 


From an examination of the data presented in Table 2, it is noted 
that the yield in pounds of fish per acre was considerably less from 
McKinney Lake in 1941 than from the other lakes that year. This low 
yield was a disappointment to many anglers who expected that since 
this lake was part of the Federal fish hatchery property it would be 
literally full of fish. The scarcity of small bluegills was particularly 
significant since it indicated an under-stocked condition in this lake. 
The small take can probably be explained by the fact that the lake had 
been drawn down the previous winter and some of the fish removed 
and distributed elsewhere. The lake will not be reopened until a satis- 
factory fish population has been reestablished. 

The fishing returns for 1941 show that the average catch of each 


Table 2.—Fishing returns, Sandhills Wildlife Management Area, during 
the 1941 season 


| Lake 
Kinney | 
| Broadacres | Cameron McKinney | All lakes 
Permits issued | 
Anglers’ reports? 
Number of days open to fis 
Hours of fishing. 
Number of all fish taken 
Weight of all fish taken? 
Acres of water 
Yield (pounds per acre) 
Average catch per hour (number)... 
Average creel (pounds) 
Number of largemouth bass taken... 
Weight of largemouth bass taken 
Average weight of largemouth bass 
Undersized largemouth bass returned to 
water 
Number of bluegills taken... 
Weight of bluegills taken 
Average weight of bluegills 
Undersized bluegills returned to water. 
Number of coarse fish taken 
Weight of coarse fish 


1Anglers that did not catch any fish were not required to complete the creel-census form, 
3All weights are in pounds or fractions thereof. 
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successful angler was 3.4 pounds of fish, or 6.6 fish. Largemouth black 
bass made up slightly more than 10 per cent of the total number of fish 
taken, and bluegills 82 per cent of the total catch. Largemouth black 
bass made up 36 per cent of the total catch by weight, and bluegills 56 
per cent. The remainder consisted of coarse fish, including the chain 
pickerel, Esox niger Le Sueur (known locally as jack), bullheads, 
Ameiurus sp., eels, Anguilla bostoniensis (Le Sueur), and large golden 
shiners, Notemigonus crysoleucas boscii (Valenciennes). The yield of 
42 pounds per acre from Kinney Cameron Lake was considered good. 
Anglers were well pleased with the facilities available for their recrea- 
tion, and many parties returned to the lakes several times. It must be 
recognized that the anglers fishing in Broadacres and Kinney Cameron 
Lakes in 1941 reaped the harvest of five growing seasons. However, 
it is quite likely that these lakes had already passed the peak of their 
natural productivity by 1941. 

The creel returns for the 1942 season are summarized in Table 3. 
The number of anglers purchasing permits decreased by 68 per cent, 
while the percentage of anglers catching fish rose from 35 in 1941 to 50 
in 1942. The average catch per hour of fishing in all lakes dropped 
from 1.2 fish in 1941 to 0.8 fish in 1942. The average catch of the suc- 
cessful anglers in 1942 was 2.5 pounds of fish, or 4.8 fish each. Large- 
mouth black bass made up 14 per cent of the total number of fish taken, 
and bluegills 76 per cent of the total catch. By weight, largemouth 
bass made up 35 per cent of the total, and bluegills 53 per cent. The 


Table 3.—Fishing returns, Sandhills Wildlife Management Area, during 
the 1942 season 


Lake 
| | Gum Kinney 
Item | Broadacres | Swamp Cameron Scotland All lakes 
Permits issued 
Anglers’ reports 
Number of days open to fishing, 
Hours of fishing 
Number of all fish taken.......... 
Weight of all fish taken”. 
Acres of water 
Yield (pounds per acre) 
Average catch per hour (num-) 
ber) 
Average creel (pounds) 
Number of largemouth ass! 


Weight of bluegills taken. \ 
Average weight of bluegil | 
Undersized bluegills returned, 

to water | 
Number of coarse fish taken.... 
Weight of coarse fish 


1Anglers that did not catch any fish were not required to complete the creel-census form. 
2All weights are in pounds or fractions thereof. 


Weight of largemouth bass! 55 234 
TAKEN | | 
Average weight of largemouth; 74 81 | 60 | 84 299 
| 
Undersized bass returned to 1.3 12 | £2 1.5 | 1.3 
19 | 578 +‘| 170 850 
Number of bluegills taken......| 728 | 58 | 265 | 208 | 1,259 
237 27 | 114 | 79 | 457 
0.33 | 0.47 | 0.43 | 0.38 0.36 
139 | 6 H 38 | 133 316 
104 6 | 32 | 14 156 
64 | 3 | 24 6 97 
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largest fish caught during both seasons was a largemouth black bass, 
weighing 10 pounds, 2 ounces, taken in Broadacres Lake, May 31, 1942. 

A more accurate comparison between 1941 and 1942 can be made for 
Broadacres and Kinney Cameron Lakes, which were fished both years. 
The average catch per hour both in fish and in pounds of fish in 1942 
dropped very little in Broadacres Lake below the 1941 returns, but the 
total yield dropped from 31.1 pounds per acre to 17.9 pounds per acre. 
Broadacres Lake returned the best yield of all the lakes in 1942. This 
relatively greater productivity may be attributed to a program of fer- 
tilization. The stream supplying the lake is impounded to form a rear- 
ing pond of 3 acres just above Broadacres Lake. This pond was treat- 
ed with 2,800 pounds of 6-9-3 fertilizer and 500 pounds of nitrate of 
soda between April 11 and July 1. Much of this fertilizer found its 
way into Broadacres Lake. In addition, 7,200 pounds of 6-9-3 fer- 
tilizer were applied to the shallow coves of Broadacres Lake between 
April 11 and June 11. It was planned that the fertilization program 
should be carried through the season, but a shortage in available funds 
necessitated the abandonment of this plan. Enough fertilizer was ap- 
plied that a bloom was in evidence at least half of the time, and the 
transparency of the water was decreased appreciably. 

The returns from Kinney Cameron Lake in 1942 were not expected 
in view of the relatively good yield in 1941. The number of anglers 
using the lake in 1942 was only 23 per cent of the number in 1941, 
while the yield in pounds dropped to 13 per cent of that of the pre- 
ceeding year. Even more marked was the change in the number and 
size of the largemouth black bass. The size distribution of 244 legal- 
length bass taken in 1941 indicated a satisfactory balance between 
large and small fish of this species (Table 4.). Although the number 
of undersized fish reported in 1941 was greater than in the other lakes, 
no abnormal condition was thought to exist. In 1942, however, 10 
undersized bass were reported for every one that was 12 inches or more 
in total length. In fact, the number of small bass taken, most of which 
were between 10 and 11.5 inches long, was probably considerably 
greater than the number actually reported. It appears that a serious 
unbalance existed in the fish population of Kinney Cameron Lake dur- 
ing the 1942 season. There are several possible explanations for the 
change since 1941. The abundant small bass represent a single year 
class which appears to have been spawned in 1940. An examination 
of the scales of several of these fish indicated that growth had been 
very poor in 1942. The small number of undersized bluegills (less 
than 6 inches, total length) reported in 1942 indicates a possible short- 
age of forage for the young bass. The lake contains relatively few 
forage fishes. In 1941 bluegill beds were well distributed over the lake, 
while in 1942 only one bed (a group of several nests) was located. It 
is possible that the bluegills which were stocked as fingerlings were 
mostly caught in 1941. These fish, for some unknown reason, may have 
failed to reproduce. The disappearance of the large bass from the 
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Table 4.—Length distribution of largemouth black bass 


6 Size classes (total lengths) 
12 to 14 to 16 to 18 to 20 to 


13.9 15.9 17.9 19.9 21.9 22 inches 
Lake inches inches inches inches inches and over Total 
1941 season 
Broadacres 
Kinney Came-on ........ 20 


Broadac es .... 
Kinney Cameron . 
Gum Swamp .. 
Scot and 


‘1otals 


lake is so far unexplained. It is interesting to note that Kinney Cam- 
eron Lake has the cleanest basin and shoreline, and the clearest water 
of any of the lakes on the Area. The upper arms of the lake, how- 
ever, have good escape cover for small fish in the form of aquatic vege- 
tation, brush, and logs. 

The creel returns from Scotland Lake are especially interesting in 
that the lake was stocked with adult fish in the spring of 1942 (Table 
1). These fish were obtained from rearing ponds on the Area and 
from the State hatchery at Fayetteville. Thirty-eight of the 154 large- 
mouth black bass stocked in March 1942 were jaw-tagged (National 
Band and Tag Company, monel-metal tags, No. 1242M). Fourteen, or 
37 per cent of these tagged fish were retaken by anglers. Twelve of 
the 154 adult bass listed in Table 1 probably did not reach legal size 
during the open season, so can be excluded from the returns. Conse- 
quently, there were 104 untagged bass of legal length that were avail- 
able to the anglers. Forty-one, or almost 40 per cent of these fish were 
taken. It was observed that every tagged fish recovered showed some 
irritation about the tag, which was placed on the premaxilla. Some 
largemouth bass showed extensive swelling and infection. All tagged 
fish were weighed and measured at the time of release and again when 
recovered. The total length of these bass varied from 13 to 17 inches, 
and the weight from 1 to 2 pounds at the time of release. The 
length of two bass increased 1 and 2 inches, respectively, and the 
weight of one increased 0.3 pound. All other measurements were es- 
sentially the same as when the fish were released. The undersized 
bass reported (170) are thought to represent the original stocking of 
11,000 No. 1 fingerlings released in May, 1940. The bluegills taken 
represented only one-fourth of the number released as legal-length fish 
the previous March. 

Gum Swamp Lake, impounded in February, 1942, and stocked with 
legal-sized largemouth black bass and bluegills, gave opportunity to 
determine the ability of anglers to take fish from a new lake under 
rather difficult conditions. This lake basin contains many logs, stumps, 
and much bushy growth. The records show that angling success was 
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poor. Only 68 largemouth black bass (10.4 per cent) were recovered 
from a total of 653 that were stocked only a few weeks prior to the 
opening of the season. The under-sized bass reported from this lake 
are thought to have been resident in the stream before the lake was 
impounded. The adult fish released in this lake were taken in Curri- 
tuck Sound by seining, and were transported by truck to Gum Swamp 
Lake. The cost of obtaining these bass, including wages, transporta- 
tion, and travel, amounted to $0.305 for each fish. This cost is con- 
siderably less than that of preducing fish of the same size in an ordi- 
nary hatchery. Only 58 legal-length bluegills (7.3 per cent) were 
taken in Gum Swamp Lake from an available stocking of 792. The 
results obtained by opening this lake to fishing were not satisfactory. 
However, if a greater number of anglers had used the lake, or if the 


opening of the season had been postponed a few weeks, the take might 
have been much greater. 


GENERAL COMMENTS 


Fishing throughout the Sandhills of North Carolina was unusually 
poor in 1942. No reason for this low productivity has been found, yet 
the statement has been heard many times from reliable anglers and is 
supported by creel-census data. It is possible that adult largemouth 
black bass were decimated by disease, but no evidence has been found 
to substantiate this theory. Young bass less than 12 inches long were 
present in abundance. 

The possibility is suggested that the fingerling bluegills released in 
some of the lakes represented hybrid stocks, and as such failed to re- 
produce. The bluegills taken in Kinney Cameron Lake in 1942 were 
dominantly the native variety, L. m. purpurescens Cope. 

A program of fertilization is contemplated for some of the lakes on 
the management area, particularly Kinney Cameron. It is believed 
that natural reproduction should maintain adequate numbers of game 
fishes on these lakes so that with a carefully planned open season, no 
restocking should be necessary. Although the percentage of legal- 
length fish that were retaken by anglers was below the figure antici- 
pated, those fish which remain are available as breeders and should 
contribute to fishing in future seasons. 

‘A wider use-of jaw tags as a means of gaining information on the 
fish population is recommended. Care must be exercised, however, to 
prevent serious injury to the fish through infection caused by the tag. 

The Management Area, including the lakes, has been taken over by 
the Army, and a public fishing program cannot be resumed until after 
the war. Four additional lakes were impounded during 1942. When 
the war ends, the lakes on this area will again offer exceptional oppor- 
tunity for research on fish populations and the management of small 
lakes for public fishing. The management of these lakes has proved 


to be one of the most interesting phases of the State’s inland-fishery 
program. 
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A COMPARISON OF THE HOOP-NET CATCH ON SEVERAL 
WATERS IN THE TENNESSEE VALLEY BEFORE 
AND AFTER IMPOUNDMENT? 


CHaARLEs G. SMITH AND LAWRENCE F.. M1Luer? 


Tennessee Valley Authority 
Norris, Tennessee 


ABSTRACT 


Identical hoop nets were set in two pre-impoundment areas and in one reser- 
voir in the Tennessee Valley to note differences in the relative abundance of 
fish before and after impoundment. In one pre-impoundment area (Holston 
River) 107 net lifts yielded 321 fish (300 fish per 100 lifts) ; in the other pre- 
impoundment area (Tennessee River) 583 fish were taken in 148 net lifts (394 
fish per 100 lifts). The four major habitats in Wheeler Reservoir yielded 
17,087, 877, 1,590, and 947 fish, respectively, per 100 lifts. It seems that fish 


are much more abundant in the reservoir than in the several pre-impoundment 
areas. 


INTRODUCTION 


When the dams now under construction have been completed, the 
entire length of the Tennessee River, except for a few miles near its 
mouth, will have been converted into a series of reservoirs. Many 
tributary waters, too, have been impounded. This decided change in 
habitat greatly influenced the fish population and the fishing in the 
Tennessee River system. That fishing intensity has increased after im- 
poundment is shown by Eschmeyer.* It is true also that the total 
water area is increased several fold as the result of impoundment. Has 
there been an increase also in the number of fish per acre? The pres- 
ent study is an attempt to answer that question partly. 

During 1941 hoop nets* were set in that part of the Tennessee River 
which was to become Watts Bar Reservoir and in that part of the 
Holston River which was to become Cherokee Reservoir. During the 
same period identical hoop nets were set in Wheeler Reservoir which 
had been completed in 1936. , 

Nets were generally fished in one location for ‘several days, though 
they were always lifted daily. Some were examined as often as four 
times during a 24-hour period to note differences in the catch at differ- 
ent periods of the day, but in these instances data were combined for 

1Published by permission of the Tennessee Valley Authority. 


2Both authors left for the armed services before this paper could be completed. It was 
finished by R. W. Eschmeyer, who also supervised the work. 

%Eschmeyer, R. W. The effect of impoundment on fishing intensity in several TVA waters. 
(To appear in the same volume with the present paper.) 

‘Description of hoop nets: Equipped with 6 circular hoops having the following diameters 
in feet from front to back—4%, 4%, 4, 3%, 3%, and 3%. First throat 16 meshes long, 
finished with 4 strings, and second throat 21 meshes long. Front 32 meshes of net, 1%- 
inch bar measure; remaining 84 meshes, l-inch bar measure. Each net equipped with wings 


of 1%-inch bar measure, 80 meshes long, No. 15 thread, and lead 40 feet long, 1%-inch bar 
measure, No. 12 thread. 
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the several lifts to determine the total daily catch. The lifts, as used 
in the comparisons below, therefore, followed sets covering a period 
of 20 to 24 hours, and invariably included the periods during which 
most fish were ordinarily caught. It was found that very few fish 
entered the nets between late morning and late afternoon, the time 
when changes were made in netting locations. Differences of a few 
hours in the length of the sets were therefore ignored. The netting 
period extended, intermittently, from early April to late September. 

In the rivers the nets were necessarily set in relatively shallow run- 
ning water; in the reservoir some nets were fished much deeper and 
many sets were made in water having imperceptible movement. Wings 
were used on the nets where conditions permitted, but in very fast 
water the nets were fished without wings. 

Netting on the pre-impoundment areas was carried out by the first 
author and that on Wheeler Reservoir was conducted by the second 
author. Thanks are due to Dr. A. H. Wiebe, Chief of the Biological 
Readjustment Division, and Dr. C. M. Tarzwell for helpful sugges- 
tions, and to various members of the Biological Readjustment Division 
for assistance in the field. 

The netting data are considered separately for the two pre-impound- 
ment areas. A comparison then will be made of the take in one of these 
areas and that in Wheeler Reservoir. 


CATCH IN THE CHEROKEE RESERVOIR AREA 


The Cherokee Reservoir area is on the Holston River in eastern 
Tennessee. The Holston is one of the main tributaries of the Ten- 
nssee. In fact, it unites with the French Broad above Knoxville to 
form the Tennesse River. It is a shallow, moderately fast-flowing river 
consisting of alternating pools and riffles throughout its entire length. 
The water over the riffle is shallow (one-half foot to 5 feet), but it may 
become 20 feet or deeper in the pools below the riffles. Most of the 
tributary streams are small, originating in cool, clear springs. The 
water in the Holston River is always very clear during periods of nor- 
mal flow and becomes muddy only during periods of heavy rainfall. 
The bottom is composed of rock or gravel in the riffles and sand and 
gravel, with a small amount of mud, in the pools. The river receives 
both industrial wastes and domestic sewage from several communities 
above the reservoir area. At times the pollution has caused extensive 
fish mortality, and it may have been sufficiently severe to affect the fish 
population at all times. 

Hoop netting on the Holston was confined to two general areas, one 
near the dam site and the other about half way between the dam and 
the upper end of the future reservoir. Here, as in Watts Bar area, 
construction was already in progress on the dam; therefore, the orig- 
inal stream conditions had been altered in the lower area to the extent 
that the water was a few feet deeper and the current weaker due to the 
cofferdams.and the partial closure of the dam itself. This section 


\L 
7 
t 
he 
its 
ny 
in 
he 
m- 
tal 
las 
es- 
er 
he 
he 
ich 
gh 
our 
er- 
for 
was 
ters. 
eters 
ong, 
1%- 
ngs 
bar 


214 American Fisheries Society 


seemed typical of the pool areas of the Holston River. Here the nets 
were set in water from 5 to 15 feet deep. 

The upper area was located about a mile below Morristown, Ten- 
nessee, about 23 miles upstream from the dam. Typical river condi- 
tions prevailed in this area. The water was shallow, ranging from 2 
to 5 feet deep, and the current was strong at all times. About the only 
unusual condition in this area was the discharge of the Morristown 
sewage about a mile above the netting area. This sewage may have 
affected the distribution of some species to some extent. 

A total of 107 hoop-net lifts were made in the Cherokee Reservoir 
area, 50 in the lower section and 57 is the upper section. The entire 
take consisted of 321 fish weighing 192 pounds. The catch is indicated 
by species in Tables 1 and 2. The catch differed considerably between 
the two areas. Only mud catfish and rock bass were more commonly 
taken in the lower portion of the area. 

Though a considerable number of species were represented in the 
eatch, the total take was small, especially in the lower area. It was 
noted that more fish were taken when the water was muddy (and 
above normal level). In the lower area, for example, the catch was 
only 0.9 fish per net when the water was clear. It rose to 2.1 fish per 
net when the water was slightly turbid. 


CATCH IN THE WaTTs Bar RESERVOIR AREA 


Watts Bar is the second of nine reservoirs (several of which are 
under construction) on the Tennessee River. Nets set in the Tennessee 
in the Watts Bar Reservoir area were placed in three general locali- 
ties. In the lower of these sections backwater conditions existed to 
some extent at the time of netting, and river conditions were not as 
typical as in the other two sections, because the dam had been partially 
completed and cofferdams were across the other portion of the river, 
impounding some water. However, since the total flow of the river 


Table 1.—Hoop-net catch data, by areas, in the Cherokee Reservoir area 
(Holston Rwer), 1941 


Number captured in 
Upper area | Lower area 
3 | 1 


Species 


{ 


Long-eared sunfish ... 
Bluegill 
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Table 2.—Species, number, weight, and average length of fish taken in 107 hoop- 
net lifts in the Cherokee Reservoir area (Holston River), 1941 


Average Average 
Number weight length 


| 


to 


Hog sucker 
Channel catfish .. 


Saug 

black bass. 
Kentucky bass 
Largemouth black bas 
Rock bass 

Long-eared sunfish 
Bivegi'l 


Mud | 
| 


clooo ooo OOOOH NS 


S| 


was allowed to go through the lock section or over the spillway section 
of the dam, almost the only change from original river conditions lay 
in an increase in depth of several feet together with a reduction in the 
rate of flow. The river was still confined to its original channel and 
there was always a perceptible current. The water was never clear, 
and at times was very muddy. The depth of the water in this section 
varied from 2 to 20 feet, and the bottom was covered with mud. Here 
the netting was in an area from 1 mile to within 200 feet of the dam 
site. 

The netting in the middle section was around the lower end and on 
both sides of Half Moon Island which is located about 20 miles up- 
stream from the dam site. Typical river conditions prevail in this 
section. A portion of the water is diverted into a narrow channel 
around the island by low navigation dams at the upper end, but these 
dams have become ineffective through lack of repair, and a large vol- 
ume of water flows over them and forms a wide, shallow channel on 
the north side of the island. Here the water is from 1 to 5 feet deep. 
The water in the narrow channel on the south side of the island is from 
4 to 6 feet deep and the current is very strong. There are deeper pools 
below this island. The water in this section is clearer than in the 
lower area, and the river bottom is composed of a combination of rock, 
gravel, and sand. 

The netting in the upper section was conducted around the lower 
end of Long Island and in the channels on each side of the island. This 
island is located about 2 miles above Kingston, Tennessee, where the 
Clinch River empties into the Tennessee, and about 40 miles upstream 
from the dam site. This area is very similar to the middle section as 
to depth, intensity of the current, and the nature of the river bottom. 
The water was clearer here than in the middle and lower sections but. 


as in the other areas, its turbidity varied with the rainfall in the drain- 
age basin. 
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During the months of May, June, and July 1941, a total of 148 over- 
night net lifts were made in the Watts Bar Area in the three locations 
described above. The numbers in the individual sections were: 71 in 
the lower; 36 in the middle; and 41 in the upper. These lifts yielded 
a total of 583 fish weighing 401 pounds. The catch is tabulated accord- 
ing to number and average size in Table 3. 

A comparison of the fish catch from different portions of the reser- 
voir area (Table 4) provides some interesting information regarding 
the local differences in the abundance of the various species. The 
earp, mud catfish, bluegill, black crappie, and drum (sheepshead) were 
more abundant in the lower area where, as stated before, the water was 
more turbid and deep, the current weaker, and the river bottom cov- 
ered with mud. These species generally decreased in the catch from 
the lower to the upper area. Such fish as the redhorse, channel catfish, 


Table 3.—Species, number, weight, and average length of fish taken in 148 hoop- 
net lifts in the Watts Bar Reservoir area (Tennessee “ae 1941 


| Average Average 
weight length (inches) 


Species | Number 
Short-nosed gar 
Long-nosed gar .. 


Carpsucker ... 

Carp 

Common sucker .. a 


a 


© 
a 


COON 


~ 


Redhorse 
Channel catfish 
Blue 
Mud catfish . 
Bullhead . 
White bass 
Sauger 


Kentucky bass 
Largemouth black bass... 
Warmouth bass 
Long-eared sunfish 
Bluegill 

Black crappie . 

White crappie . 


es 


sauger, Kentucky bass, and white crappie were more abundant in the 
eatch in the middle and upper areas, which are characterized by gravel 
and rocky bottom, and clearer, shallower water with a stronger cur- 
rent. It is also interesting to note that the total number and pounds 
of fish taken per 100 net lifts shows a definite increase downstream. 
The catch per 100 lifts and the average weights of the fish taken are 
indicated in Table 4. 


CoMPARISON WITH CATCH IN WHEELER RESERVOIR 


In the Wheeler Reservoir hoop netting (Miller5), all four major 
divisions of the reservoir were netted. The sets included 40 in the tail 


SMiller, Lawrence F. A comparison of the hoop net catches in several fish habitats of 
Wheeler Reservoir (MS.). 
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water at the head of the reservoir, 24 in the upper section, 145 in the 
middle area, and 71 in the lower region. As noted by comparing Ta- 
bles 1, 4, and 5 the catch in each major area was much higher than in 
the river before impoundment. 

Wheeler and Watts Bar Reservoirs will be similar in most respects. 
Both are main-stream reservoirs on the Tennessee. It may be expected 
that the fish population in Watts Bar Reservoir 5 years from now will 
not differ greatly from the population in Wheeler Reservoir at the time 
of netting. Cherokee Reservoir will be of the storage type, similar to 
Norris Reservoir, and its fish population will differ rather decidedly 
from that found in the main-stream reservoirs. A comparison of the 
catch in the Holston and in Wheeler is, therefore, of little value, but it 
may be expected that the difference between the take in the Watts Bar 


Table 4.—Hoop-net catch data, by areas in the Watts Bar Reservoir area 
(Tennessee River), 1941 


Catch 100 
| net lifts 
| Upper Middie Lower 
Species area area area 

Sho t-nosed gar ... 
Long-nosed gar 
Mooneye ... 
Buffalo 


Average weight 
(pounds) 


Upper Middle 
area area 


if 


area and Wheeler Reservoir may be attributed largely to impoundment 
of the Tennessee River in the Wheeler area. 

The best average catch in Watts Bar region was about 5 fish per net 
(lower area). The poorest average catch on Wheeler Reservoir was 
almost 9 fish per net lift (upper area) ; the best was 170 fish per lift 
(tail water). It seems, therefore,-that fish are much more abundant 
in the reservoir than in the river before impoundment. An examina- 
tion of the catch records suggests, too, that game and pan fish are rela- 
tively much more abundant in Wheeler Reservoir (where they com- 
prised 98.7, 84.4, 84.7, and 91.0 per cent, respectively, of the catch in 
the four areas) than in the Tennessee River in the Watts Bar Reser- 
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Table 5.—Catch per 100 hoop-net lifts in the four major habitats of Wheeler 
Reservoir, 1941 


| | Upper | 
Classification and species Tail water } reservoir | 
Coarse fish: | | 
Short-nosed gar a | 13 
Long-nosed gar 22 4 
h j 

| 

} 

| 


Middle Lower 
reservoir reservoir 


12 
9 
Gizzard shad ...... ig 32 
Bigmouth buffalo . anes 
Black buffalo 
Smallmouth buffalo 
Quillback carpsucker 
Common sucker 
Hog sucker 
Spotted sucker .. 
Silver mullet 
Ohio redhorse . 


Food fish: 
Channel catfish 
Blue catfish 
Mud catfish 
Black bullhead . 
Brown bullhead ... 
Yellow bullhead 


Game fish: 
Chain pickerel 
White bass 
Yellow bass .. 
Sauger 
Kentucky bass 
Largemouth black 
Warmouth bass 


Panfish: 
Green sunfish 


Long-eared sunfish 
Rock bass 

Black crappie .... 
White crappie 
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44 | 13 11 11 
76 | | 1 
ERR 8 15 | 8 4 
139 | 38 1 
21 4 | 2 31 
3 4 2 4 
Long-eared sunfish ................ 1 1 
Ree 212 | 137 206 195 
2 5 14 
354 | 385 165 
| 241 693 422 
RATIONS | 877 | 1,590 | 947 
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voir area (where they comprised 49.3, 63.7, and 51.7 per cent of the 
catch in the three general localities). 

A close comparison cannot be made of the fish populations in the 
pre-impoundment areas and in the reservoir, for several reasons: 

1. Though each major habitat was fished, both in the rivers and 
in the reservoir, local environmental differences undoubtedly infliu- 
enced the catch. Comparable sets could not be made, for example, in 
the lower portions of the rivers and in the lower third of Wheeler Res- 
ervoir, because of differences in depth, flow, turbidity, and other 
factors. 

2. In most areas the nets were fished with wings, but in some locali- 
ties wings could not be used. 

3. In fast water the nets invariably faced downstream; elsewhere 
the nets were set at various angles with reference to the current. 

4. Because of net selectivity, the relative abundance of various spe- 
cies in the populations undoubtedly differed from the relative abun- 
dance of these species in the catch. 

It seems, nevertheless, that the decided differences in the catch of 
certain species in the rivers and in the reservoir very probably refiect 
actual differences in abundance of these fish. The large differences in 
the catch of both species of crappie, for example, can hardly be at- 
tributed to errors of sampling. Though exact comparisons cannot be 
made, it appears that an increase in the density of the fish population 
may be expected after impoundment, and that this increase applies to 
game fish and panfish as well as to other groups. 
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GAIN IN WEIGHT PER DAY AS A MEASURE OF 
PRODUCTION IN FISH REARING PONDS 


O. Ltoyp MEEHEAN 


U. S. Department of the Interior, Fish and Wildlife Service 
Chicago, Illinois 


ABSTRACT 


The variation in production due to ecological factors, some of which are 
‘beyond the control of the operator, is demonstrated for largemouth black 
bass ponds. A comparison of effectiveness is made between inorganic and 
organic fertilizers on the basis of survival and weight of fish per acre, which 
are ordinarily used as a measure of productivity. 

Data are presented to show how survival and yield per unit area may be 
affected by manipulation and intentional interference by the operator. The 
gain in weight per acre per day is calculated to show that number or weight of 
fish per acre is not a reliable measure of the effectiveness of fertilizers. 

Information on gain in weight per acre per day is presented on other waters 
in two series of experiments to demonstrate the applicability of this measure 


in comparing the productivity of different waters or various combinations of 
fertilizers. 


INTRODUCTION 


In the evaluation of the effect of fertilizers upon production, com- 
parisons of the data from various sections of the country and even 
from pond to pond at the same hatchery are rendered difficult by a 
number of factors. Some of these factors are related to biological con- 
ditions and others are purely physical. The most apparent ones may 
be enumerated. 

Inasmuch as the largemouth black bass completes the spawning 
activity within a very short period of time in any one area, the ponds 
at a hatchery are stocked within a few days of each other. At the end 
of the season it is physically impossible to schedule draining so that 
the total number of days of growth is the same in each pond, especially 
if research is being conducted in regulation-sized hatchery ponds. As 
- a result, the growth period from pond to pond may vary by as much 

as a month or more, resulting in tremendous differences in weight and 

some differences in the length of the fingerlings. In some instances 
the differences in the growth period have been much greater than a 
month due to the delay in draining of ponds made necessary by the 
research program. 

Many ecological factors affect weight, size, and numbers in ponds 
producing largemouth black bass. Cannibalism is the most important 
of these factors in that it may result in considerable variation in num- 
ber per acre, or in the individual size of the fingerlings. In two ad- 
jacent ponds with apparently identical ecological conditions, canni- 
balism may reduce the population greatly in one while in the other 
there may be no cannibals. Consequently one pond will contain a 
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small number of fingerlings that vary considerably in size, and the 
other a large number of uniform-sized fingerlings. 

In experimental work conducted at the hatchery of the Fish and 
Wildlife Service at Welaka, Florida, cannibals have been largely 
eliminated, but there is still considerable variation in the number and 
weight of the fingerlings produced per acre. This variation may re- 
sult from any one of a number of factors. Some losses may be due 
to handling when the fry are being counted into the pond; other losses 
are probably due to habitat conditions, such as a water bloom, which 
prevents proper feeding; the cause of still further losses has not been 
explained. 


A final, and important factor, is related to the method of pond con- 
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Figure 1.—Length frequency distribution in a pond having 100 per cent survival. 
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Figure 2.—Length frequency distribution in a pond having 54 per cent survival. 


trol practiced in this particular series of experiments. Measurement 
of a representative number of fingerlings in each pond at regular in- 
tervals has been a routine procedure. From these measurements size- 
frequency curves are plotted. Ponds that contain fingerlings with a 
wide range of size distribution are drained first since cannibals are be- 
coming numerous; those with little variation in size distribution are 
drained last. 

This use of frequency distribution can be illustrated from Figures 
1 and 2 which are length-frequency histograms of fingerlings taken 
from two ponds. Pond 10 had a survival of nearly 100 per cent and 
the size distribution is closely grouped about a fairly well defined mode 
(small standard deviation). The fingerlings taken from Pond 11 were 
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not distributed over a wider range of sizes, but the curve is flatter and 
the lengths more equally distributed (standard deviation greater). 
This pond had a survival of 54.4 per cent. When differences such as 
these begin to show up in the regular periodic measurements, a pond 
like No. 11 is drained early, and one like Pond 10 is placed among 
those to be drained last. 

This procedure for determining the sequence in which various ponds 
will be drained has resulted in the acquisition of some unusual data. 
Under normal circumstances, with unselected ponds, there would be 
fewer and larger fish as the season progressed so that the ponds drained 
last would produce the smallest number of individuals. By the method 
of selection used here, the environmental resistance which results in a 
reduction in population is greatest in the ponds drained first and least 
in the ponds drained last so that, contrary to the normal expectations 
described above, the percentage of survival is highest in the ponds 
drained last. Table 1, Column 3, illustrates the typical relationship. 
This situation is due to the deliberate selection for later draining of 


Table 1.—Length of largemouth black bass fingerlings, survival, and weight per 
acre as related to days of growth 
[Based on a combination of data for several ponds treated with a variety of fertilizers. ] 


Percentage of Length 
Pounds per acre survival (inches) 


ponds containing fish whose lengths are grouped most closely about 
the mean, for it is in these ponds that the environmental resistance 
reducing populations has been minimized. 

In most ponds length increases with time due to the reduction in 
populations by cannibalism or other factors that are absent in ponds 
drained according to:the plan outlined. Contrary to the ordinary 
situation, the average length of the fingerlings from these ponds in 
which one survival rate approached 100 per cent, was about the same 
at draining regardless of time. It has already been demonstrated! 
that if the ponds are stocked with an adequate population, growth 
will stop at about the size shown in Table 1. The rate of stocking em- 


ployed uniformly through this series of experiments was 15,000 fry 
per acre. 


EXPERIMENTAL RESULTS From DIFFERENT TYPES OF FERTILIZER 


It is readily apparent that the procedure of selecting ponds for 
draining according to the standards mentioned is advantageous to 


1Meehean, O. Lloyd, 
1940(a). Progress of biological inquiries, Welaka, Florida, 1939, 44 pp. (Unpublished). 
1940(b). The deve‘opment of a a of the culture of largemouth bass in fe tilized 


ponds on natural food. h.D. dissertation, Ohio State University, 104 pp. 
(Unpublished) . 
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Table 2.—Bass production in ponds treated with inorganic fertilizers 


Pounds per Gain in weight Percentage of 
per acre per day survival 
0.89 


| 1.50 
| 1.01 


1.31 
0.66 


hatchery practice since it results in large populations. However, it has 
affected statistics on both the percentage of survival and weight per 
acre in such a way as to make the comparisons of various ponds fer- 
tilized with different fertilizers or by different methods very difficult. 

For example, during the past 3 years inorganic fertilizer has been 
used in some ponds in order to obtain a comparison with results from 
the organic fertilizers ordinarily used in pond research. In every 
pond where inorganic fertilizer was used, the survival was much lower 
than in ponds fertilized with cottonseed meal, (Tables 2 and 3) and 
the ponds had to be drained early. It is believed, however, that this 
result is due to ecological factors, such as heavy water bloom, rather 
than to the type of fertilizer. (See Table 5). 

As a result of experimental work over a period of years, the con- 
clusion has been reached that, in the same waters, if an equivalent 
amount of nitrogen is used and other elements are supplied in the 
amounts needed, the production of fingerlings should be the same with 
all fertilizers. That is, lower survival and fewer pounds of fish per 
acre are not necessarily results of the fertilizers used, but probably 
are dependent upon ecological conditions which can be controlled with 
experience in the judicious use of different kinds of fertilizers. 

Tables 2, 3, and 4 show the data collected on inorganic fertilizer, 
cottonseed meal, and other organic fertilizers, arranged according to 
the number of days of growth. In these tables the variation from pond 
to pond in the weight of fish produced per acre and in the survival 
should be noted. These data appear to be a mass of information with 
so much variation that valid comparisons are precluded. However, 
it would seem that production in some way should be related to the 
length of the growing period. From the standpoint of hatchery pro- 
duction those ponds with the largest survival and biggest fish may be 


Table 3.—Bass production in ponds treated with cottonseed meal 


Days of Pounds per Gain in weight Percentage of 
per acre per day survival 
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Days of 
growth 

70.6 62 
47.3 40 
86.3 87 
46.1 42 

84.3 2.34 85 
74.1 1.58 68 
ee 33.3 0.69 47 
72.5 1.45 | 86 
37.2 0.63 37 
a 49.9 0.74 50 
ae 129.0 1.82 84 
73.1 1.03 73 
ee 65.6 0.80 72 
84.5 0.75 63 
| 176.3 1.27 83 
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Table 4.—Bass production in ponds treated with organic fertilizers other than 
cottonseed meal 


Pounds per, Gain in weight Percentage of 
per acre per day survival 


| 


considered as the most successful. From a biological standpoint ponds 
yielding the greatest weight per acre are the most successful. 

To determine the value of comparisons according to weight produced 
per acre for varying periods of growth the coefficient of correlation 
between the number of days of growth and the total weight of fish 
produced per acre was calculated using information gathered from all 
ponds regardless of the type of fertilizer used. 

For purposes of this study the standard modification for calculating 
the coefficient of small samples was used. The coefficient of correlation 
between the number of days of growth and the weight of fish produced 
was r = 0.63. According to the table ‘‘ Values of the correlation 
coefficient for different levels of significancé,’’ (Fisher, 1940; p. 214), 
r for 17 degrees of freedom falls between p = .01 and .001. This 
correlation is highly significant and indicates the close relationship 
between the weight of fish produced and length of the growing period. 
It seems necessary therefore, to eliminate or at least reduce the dis- 
torting effects of time differences in the comparison of production in 
different ponds. 

Since there is a significant correlation between the number of days 
of growth and the total weight of fish produced per acre, one may 
reduce the effect of time differences by calculating the gain in weight 
per acre per day (the total weight of fish produced divided by the 
number of days of growth). With this figure one is enabled to com- 
pare production from all sources directly with each other. The gain 
in weight per acre per day is shown in Column 3, Tables 2 to 4. 

To make an accurate estimate of the significance of differences be- 
tween the gain in weight of fish per acre per day and the value of one 
fertilizer over the other for the production of fingerling bass, the mean 
gain in weight per acre per day was determined for each fertilizer. 
Methods have been worked out by various authors for determining the 
significance of the means of small samples. The method used here is 
that of Paterson? (1939). In Table 5 is shown the means and devia- 

c= 

Mean deviation 
GA 
Standard error of a: Ea = V Number of variates. 


Standard error of difference between means: Ep = V (Ea)? + (Es)? 


Difference between means: D = A — B 

D/Ep = value of t 

Probability can be obtained directly from Fisher’s (1936) table of t. The significance of 
the difference in means may also be roughly determined by referring to the number of degrees 
of freedom (N — 2) in the table for t as determined in this manner and multiplied by Ep. 
This equals the value above which the difference in means must be to be significant. 
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tion from the means and other data from which the significance of 
mean gain in weight per acre per day for each fertilizer was de- 
termined. : 

According to the values of ‘‘t’’ caleulated from the data in Table 
5, the difference in mean weight of fish produced per acre per day 
with different fertilizers is not significant. The difference between 
production with cottonseed meal and inorganic fertilizer yielded a 
probability of 80 to 90 per cent and between organic fertilizer and 
eottonseed meal a probability of almost 80 per cent. 


Table 5.—Mean production per acre per day of largemouth black bass with various 


fertilizers 
Gain in 
Number weight Sum of Percentage 
of per acre deviations of 
Fertilizer samples per day from mean (Deviations)? survival 
Cottonseed meal...... | 11 | 1.19 | 2.25 | 30.7 | 80 
Inorganic! ... 5 | 1.07 | 0.66 0.43 58 
Inorganic? ... 1 1.34 | 98 
Organic 022 | 0.08 87 


1With a water bloom. Amount of nitrogen used high. 
2Without a water bloom. Nitrogen equivalent to organic fertilizers. 


Although the fertilizers do produce comparable results when com- 
pared on a basis of pounds produced per acre per day, it will be noted 
(Column 6, Table 5) that from a fish-cultural standpoint the survival 
was not satisfying with inorganic fertilizer when a water bloom was 
produced. The one pond fertilized with inorganic fertilizer on the 
basis of an equal amount of nitrogen to that supplied with organic 
fertilizers, yielded a survival of 98 per cent which may be considered 
highly satisfactory. For all practical purposes the excess nitrogen 
and fertilizer used in the other ponds fertilized with inorganic salts 
was wasted. 


USE OF THE GAIN IN WEIGHT PER ACRE PER Day As A CRITERION 
OF PRODUCTION 


During the 1942 season an opportunity was provided for practical 
testing of the criterion, gain in weight per day. Heretofore all experi- 
mental information was collected on one pond unit supplied with water 
from a spring arising in a limestone formation. The water was of 
medium hardness and moderately rich in minerals. 

Experimental data were collected during the 1942 season on another 
pond unit supplied with comparatively soft water, low in certain 
minerals, and bearing some humic acids from swamp run-off. The 
water was slightly acid and slightly brown. The pond bottoms lacked 
aquatic vegetation because the ponds had not been used for a number 
of years. 

It was believed that this unit would not prove as productive as that 
from which previous data had been collected. Such waters may lack 
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sufficient quantities of minerals such as calcium, phosphorus, and 
potassium. Therefore, to supplement the cottonseed meal, some ponds 
were fertilized with lime or colloidal phosphate or with both lime and 
colloidal phosphate in conjunction with identical amount of meal. All 
series were set up in triplicate. 

The data from these ponds given in Table 6 include the number of 
largemouth black bass produced per acre, survival, weight per acre, 
size, and gain in weight per acre per day. Although the ponds were 
fertilized with the same amount of cottonseed meal as in the experi- 
ments discussed previously, and although cottonseed meal was fortified 
with minerals, the results do not approach those obtained from spring 
water in the other hatchery unit. 

The number of days of growth was about 2 weeks longer than that 
in spring water (Tables 2, 3, and 4). The number of fingerlings pro- 
duced per acre (9,366 to 13,153) and the survival (63 to 87 per cent 
of the fry stocked) were about as high or higher on an average. In 
‘hese respects the fish-culturist would call the ponds highly successful. 
On the other hand, although the growing period was longer, both the 
average length of fingerlings and weight of fish per acre were below 
the values indicated in the other experimental data. The fingerlings 
averaged 2.5 inches long and 70 to 80 pounds per acre in spring water, 
but in the river water the averages were only 2.0 to 2.4 inches and 
from 40 to 61 pounds per acre. 

The gain in weight per acre per day (shown in the sixth column) 
was calculated for all ponds and averaged for each group of ponds 
fertilized with the same combination of fertilizers. From a physio- 
logical point of view the gain in weight per acre per day takes into 
consideration the length of growing time and the total weight pro- 
duced. It ignores the number per acre and survival which may be 


Table 6.—Largemouth black bass production in 1942 in ponds at the 
Old State Unit 
Gain in 
Pounds weight 


Percentage per acre Average 
Fertilizer of survival per day length 


Cottonseed meal 


coLoidal phosphate 


Average 
meal 


Average 


Cottonseed meal, lime, 12,177 
and colloidal phos-| 15,147 
phate 12,135 


13, 153 


| 9,366 | 62 '| 
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| 
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affected by ecological factors rather than the type of fertilizer used or 
the chemical content of the water. 

To determine the actual importance of the observed differences in 
mean gain in weight per acre per day, the tests of significance de- 
scribed earlier were applied. These productions recorded in Table 
6 were compared with cottonseed meal in spring water. The ratio 
of the difference between means for ponds of this experiment fertilized 
with cottonseed meal and those using spring water and fertilized with 
cottonseed meal, to the error of the differences gave a value of ‘‘t’’ 
which would be encountered between 2 and 5 per cent of the time. 
This is outside the arbitrary p — .05 and may therefore be considered 
significant. 

When the mean for the ponds fertilized with cottonseed meal and 
colloidal phosphate on the one unit was compared with that of ponds 
fertilized with cottonseed meal on the spring unit, the value of ‘‘t’’ 
fell near p = .05. However, the difference of the means was more 
than twice the error of the difference of the means. Therefore, the 
mean value obtained can be considered significantly different. 

In the two series fertilized with lime and lime plus colloidal phos- 
phate in conjunction with cottonseed meal, ¢ is equivalent to a value 
of p between 0.3 and 0.2. Thus these means are not significantly dif- 
ferent, although they show a considerable variation from that for 
ponds using spring water and fertilized with cottonseed meal. 

The two groups of ponds, fertilized with cottonseed meal on the one 
hand and cottonseed meal and colloidal phosphate in the other, yielded 
mean gains in weight per acre per day whose difference precluded the 
probability of their being drawn from related experimental data. In 
the two groups, fertilized with cottonseed meal and lime, and with 
cottonseed meal, lime and colloidal phosphate, the difference in the 
mean gain in weight per acre per day could not be considered signifi- 
cant. These data indicate the value of lime in these particular waters. 

The fact that the gain in weight per acre per day varied from 0.49 
to 0.75 pounds with various combinations indicates that certain ele- 
ments present in some combinations but absent from others were in- 
strumental in bringing about these differences. The fact that the 
spring water produced from 0.97 to 1.34 pounds per acre per day 
indicates that these elements are present in that water. Additional 
experimental work will be necessary to determine what these sub- 
stances are. 

In these particular waters the value of the use of lime with cotton- 
seed meal is also indicated by the fact that although the gain in weight 
per acre per day increased 69 per cent when lime was added, lime and 
phosphorus together increased production only 5 per cent more. How- 
ever, colloidal phosphate alone increased the effectiveness of cotton- 
seed meal by 34 per cent. Since this phosphate contains about 25 
per cent calcium carbonate, and since colloidal phosphate increased the 
effectiveness of lime and cottonseed meal only 5 per cent, it would be 
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deduced that much of the effectiveness of the phosphate may have been 
due to the presence of calcium compounds. 

Another series of five ponds in the same unit (with a water supply 
from the St. Johns River) were set up with five combinations of fer- 
tilizer. The results were entirely different from those just described. 
Since these single ponds were intended merely as trials to indicate 
further lines of research the evidence cannot be considered as conclu- 
sive although it should be considered. The variation of results from 
apparently similar ponds limits very much the value of data from 
single ponds for comparative purposes. At least three ponds must be 
used to derive reliable information. A much larger series is probably 
desirable. ‘ 

The ponds were fertilized with hay, hay and colloidal phosphate, 
hay and lime, hay and nitrate, and hay, nitrate, and colloidal phos- 
phate. The results of the experiments are shown in Table 7. 


Table 7.—Largemouth bass production in ponds fertilized with hay 
Gain in 
weight 
Percentage Weight Days of per acre Average 
Fertilizer of survival per acre growth per day length 


Hay and co.loidal 
phosphate 

Hay, nitrate, and col- 
loidal phosphate. 


Hay was used in these experiments to supply the high carbohydrate- 
nitrogen ratio necessary for rapid bacteriological activity. The lime 
and phosphate were supplied to alleviate possible mineral deficiencies, 
and the nitrate to supply a ready source of nitrogen. 

Although there is no indication from the production figures that 
any of the ponds in these two series of experiments (Tables 6 and 7) 
was not successful since production was average or above, fluctuations 
in the gain per acre per day indicate that certain minerals may be 
more beneficial than others. 

In the series described previously it was shown that the colloidal 
phosphate with cottonseed meal gave poorer results than when cotton- 
seed meal was used in conjunction with lime. In this series the reverse 
held true: the two ponds with highest production were fertilized with 
colloidal phosphate in conjunction with hay. In this latter series ni- 
trate helped a little, but in combination with colloidal phosphate it 
yielded at a much higher rate than where no phosphate was used. 
Lime increased the productivity of hay only 11 per cent as contrasted 
to an increase of 69 per cent with cottonseed meal. On the other hand, 
colloidal phosphate increased productivity of hay 52 per cent as con- 
trasted to 5 per cent with the meal. 

The value of different minerals has been demonstrated in conjunc- 
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tion with two different sources of energy-producing materials with 
water from the same source. From these two series of ponds the gain 
in weight per acre per day has been shown to be a fairly sensitive tool 
for the expression of experimental results as regards the value of 
various fertilizers in different types of waters or of various combina. 
tions of fertilizers in a single type of water. No other measure has 
given such an accurate basis for the comparison of results. 

Similar examples of the value of the gain per acre per day in com. 
paring fish production in the same or different waters in relation to 
the C/N ratio of the bottom deposits and the nitrogen content of the 
water during the growing season might be given. However, the sig- 
nificance of its use with regard to different fertilizer combinations and 
different waters will alone establish its value as a tool for the biologist 
who is studying fish production as related to fertilizers and foods in 
various sections of the country. The gain per acre per day allows com. 
parison of data from various sources, which up to now could not be 
compared because of variations in ecological conditions or the nun- 
ber of days of growth and their resulting effect on fish production. 
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FIN REGENERATION IN BROWN TROUT 


Heacox 
New York State Conservation Department, Rochester, New York 


ABSTRACT 


In recent years, fin-clipping has become a widely-used method of distinc- 
tively marking fish for future identification. 

A check on possible regeneration in this type of marking is desirable. The 
following paper presents data on the clipping of ventral fins of yearling brown 
trout for two successive years. 


As part of a long-time research study, yearling brown trout stocked 
in East Koy and Wiscoy Creeks, New York, have been marked by the 
removal of various fins and combinations of fins. 

In the spring of 1941, about 20,000 unsorted yearling brown trout 
(size range 4 to 10 inches) were marked by the removal of the left 
ventral fin. Wiss scissors No. 62414 were used. The fish were ren- 
dered momentarily comatose by electric shock and the fins cut off as 
closely as possible to the body of the fish. 

Approximately 6,000 of these fish were held at the State Fish 
Hatchery, Randolph, New York, for a period of about five months at 
which time they were examined for fin regeneration. These fish were 
separated into two lots of about 3,000 fish per lot and kept in two 
separate ponds. A 10% sample from each pond was examined. 

In 1942, a similar procedure was followed except the right ventral 
fin was removed. 

After a preliminary examination of these fish, an arbitrary classi- 
fication of categories was set up which seemed to fit the various types 
and degrees of fin regeneration. Table 1 presents a summary of 
these data. 

From the above data, it is evident, despite many types and degrees 
of fin regeneration, that complete, normal regeneration is so rare that 
the clipping of the ventral fins may be considered an effective method 
of marking brown trout of this size and age for future identification. 
Checks over a longer period of time and of other fins are desirable and 
are in progress. 

The writer is indebted to Dr. W. C. Senning for assistance in estab- 
lishing the classification categories and to Mr. Clair Phillips, foreman, 
State Fish Hatchery, Randolph, New York, for supervising the care 
of the fish while being held at the hatchery. 
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Table 1—Condition of clipped ventral fins on yearling brown trout held at State 
Fish Hatchery, Randolph, New York, 1941' and 1942? 


Total 
Number of Percentage 
Ponds A in each 
Pond A | Pond B and B classification 
Condition of fin ] 1941 | 1942 | 1941 | 1942 | 1941 | 1942 | 1941 | 1942 
1. No fin regeneration 
(nothing more than a | 
small hump with no fin —~— 
rays) 
2. Malformed fins with | 
crooked or fused rays. 
Spike-shaped or broad 
or growing at an ab- 
normal angle 


3. Spike-shaped fins with 
three or less straight, 
separated rays 


. Miniature, well-formed 
fins with four or more 
straight, separated 


uart 
as long as other ven- 
tral fi 

B. About one-half as 
long as other ven- 
tral fin 


C. About three-quarters | | 
as long other | 
ventral fin 1 | é é 5 0.5 
| 
| 
| 


D. Fully as long as | 
other ventral fin .... 0 


0.2 
100.0 


| | 

} o | 0.0 
| 309 | 302 | 300 | 300 | 609 | 

11941—Left ventral removed; clipped—April 1-4; examined—August 26. 
21942—-Right ventral removed; clipped—March 23-28; examined—September 8 


Two lots of fish (approximately 3,000 per pond) were saved each year. A 10% sample 
(about 300 fish per pond) was examined each year, 


602 | 100.0 
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OBSERVATIONS ON THE NATURAL AND ARTIFICIAL 
PROPAGATION OF THE SMALLMOUTH BLACK BASS, 
MICROPTERUS DOLOMIEU 


EuGENE W. SuRBER 


U. 8. Department of the Interior, Fish and Wildlife Service 
Kearneysville, West Virginia 


ABSTRACT 


Counts of smallmouth black bass nests in the same sections of the South 
Branch of the Potomac, the Cacapon, and the Shenandoah Rivers are reported 
over a period of several seasons. The 4-year record for the South Branch 
of the Potomac indicates little change in the smallmouth black bass popula- 
tion. The number of nests varied between 50.7 and 73.2 and averaged 58.1 
for each mile of stream. The results of fry counts from wild nests showed 
an average of 2,159 fry in each nest in the South Branch of the Potomac, 
2,210 in the Cacapon River, and 1,998 in the Shenandoah River. 

One important characteristic of natural propagation in these rivers is the 
simultaneous occurrence of spawning in any section of stream having similar 
conditions. Evidence is supplied to support the theory that a long, drawn- 
out spawning season in artificial ponds is due to annoyance of the brood fish. 
The importance of attendance by the male fish at the nest is pointed out. 

Examples in pond culture are given to demonstrate that there are other 
factors involved in the spawning of smallmouth black bass besides tempera- 
ture. These factors are annoyance, over-crowding of the brood fish, and lack 
of provision for greater individual privacy among the brood bass during their 
spawning season. In general, productivity of fry apparently increases with 
age and size of the brood fish. 


INTRODUCTION 


This article has two main objectives. One is to show that spawn- 
ing of the smallmouth black bass, Micropterus dolomieu Lacépéde, in 
streams of the Potomac River watershed occurs simultaneously in any 
section with uniform conditions. Almost all female fish capable of 
spawning deposit their eggs within a few days after the water reaches 
the proper temperature. Few stragglers occur among wild spawning 
fish. 

Observations, made intermittently over a 6-year period, on the nat- 
ural propagation of smallmouth black bass in certain sections of the 
South Branch of the Potomac River near Romney, the Cacapon River 
near Largent, West Virginia, the main stream of the Shenandoah 
River near Berryville and its North Fork near Strasburg, Virginia, 
are recorded. A comparison was made of these streams in an earlier 
paper (Surber, 1939). The reader is referred to this paper for a 
description of the streams alluded to in this report. 

The second objective, and the most important from the standpoint 
of the improvement of fish-cultural practices, is to demonstrate that 
spawning in artificial ponds during successive rises in temperature and 
over long periods of time is neither natural nor conducive to produc- 
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tion. Spawning over long periods can be largely eliminated by giving the 
the brood bass maximum individual privacy during the spawning per 
season. 

Beeman (1924) states, ‘‘In our 22 years’ experience our grestest rs 
difficulty has been in getting enough fry.’’ Langlois (1931, 1933) Gr: 
described and recommended a system of continuous stalls along the em 
shores of brood stock ponds which made removal of fry convenient, § pea 
but a study of his data reveals a low average production of fry for gee 
each brood fish. In addition, he records trouble with refanning of J oo, 
nests. Another bad feature of the method is that it crowds a large § ga; 
number of fish of a species very susceptible to some of the most dreaded de} 
diseases. Such protozan parasites as Ichthyopthirius multifilis and § 49] 
Trichophrya micropteri, the latter described by Davis (1937), may be str 
particularly destructive to smallmouth black bass just preceding and ati 
during the spawning season. Davis has since observed (unpublished) ex 
that bacterial gill disease (described by Davis, 1926) may also destroy (1 
these fish when held together in relatively small quarters during the we 


winter or early spring when water temperatures are low. 
While all bass did not spawn in the hatchery ponds at one time in 


Table 1—Extent of natural propagation in three rivers of the Potomac watershed 
South Branch of Potomac River 


Item 1936 | 1937 | 1938-I2 | 1938-II1?| 1941 = 
Length of section surveyed................+. ‘ 2.8 2.8 2.8 2.8 2.8 ae 
Number of nests in each mile................ 53 


0)| O¢ 0.0)|114(76.5) 
Number of nests containing fry............ 0( 0.0) | 18( 8.8)}135(87.1)] 33(97.1)] 21(14.1) 
Number of nests without eggs or fry..| 70(49.3) | 17( 8.3) 6( 3.9) 1( 2.9)| 14( 9.4) 
Average depth of nests (inches) 1.8 18.5 as 
Date of une 14 May 3 


50.7 73.2 4 
Number of nests containing eggs.. 72 (50.7)1/170(82.9)| 14( 9. 


33.2 27.5 
May 1,2 |May14,15) May 2 J 
65.5 68 69 


1942, it is believed that considerable progress has been made in the 
solution of the problem of obtaining maximum fry production. Al- 
though temperature is an important factor in activating the spawning 
of the smallmouth black bass, it is now obvious that there are other 
essential requisites to successful spawning. 

The writer acknowledges with gratitude long hours of overtime 
assistance by the following members or former members of the staff 
of the Leetown station in counting individually the fry removed from 
the bass nests listed in this report: George E. Klak, Bartlett Hazen, 
John F. Gardner, Reuben O. Knuth, Robert H. Graham, and Elmer 
Aikens. The suggestions of Dr. H. S. Davis, in charge of Aquicultural 
Investigations, particularly in the preparation of this paper, are 
appreciated. 


TIME AND EXTENT oF NATURAL PROPAGATION IN RIVERS 


The extent of natural propagation in four Appalachian mountain 
streams has been determined quantitatively by counting nests over a 
convenient length of stream, in this study 2.8 to 4.8 miles. Observa- 
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tions were made by drifting or paddling downstream in a canoe over 
the nesting areas. Nests were seldom located where there was any 
perceptible current, and gravel beds or gravel bottoms within 15 feet 
of the bank were utilized almost invariably. Only a few nests were 
found on bedrock and these often had a few stones in their centers. 
Gravelly areas near overhanging bushes or beneath slender sticks or 
small limbs were favorite places. Large submerged logs were for some 
reason avoided. Proper bottom materials within 15 feet of the bank 
seemed to be the principal requirement. Table 1 gives the results of 
counts of smallmouth black bass nests, the condition of the nests as re- 
gards the presence of eggs or fry, and the average depth. Average 
depth was not determined during all seasons, but sufficient data were 
collected to indicate that the annual variations in average depth in a 
stream like the South Branch of the Potomac River were due to vari- 
ations in the water level which recedes as the season advances. For 
example, the average depth of nests for the second spawning of 1938 
(Table 1, Column 1938-IT) in the South Branch of the Potomac River 
was only 18.5 inches as compared to an average depth of 27.5 inches 
during the first spawning. Nests with fry predominating are usually 
at shallower depths than nests with eggs. The Shenandoah River dur- 


Table 1.—Continued. 


Shenandoah River Cacapon River 
1938 | 1939 | 1941 1937 | 1938-I | 1938-II | 1941 
3. 3.8 3.8 3.8 4.8 4.8 | 
11.0 10.9 30.0 21.6 17.5 442 (| 
15(88.2)| 26(63.4)| 32(56.1)| 18(43.9) 17(40.5)| 68(64.8) 
5(12.2)| 19(33.3)| 13(31.7) 0( 0.0) 2( 1.8) 
10(24.4) 6(10.5)| 10(24.4) 25(59.5) 


April 29 | May 8,9 May 1 May 11 April 28 
71 60.5 67.0 


1Number in parenthesis is the percentage of total nests observed. 
°First spawning. 
%Second spawning. 


ing the spring ordinarily is cloudy with silt. In 1936, this river was 
too cloudy for an accurate count of nests during the spawning season. 

The South Branch of the Potomac River has the most ideal nesting 
conditions of all streams yet observed, and an examination of the data 
for this stream illustrates the simultaneousness of successful spawning. 
Most of the spawning occurs within a 3-or 4-day period or even less. 
In 1937, on the days of the counts (May 14-15), 82.9 per cent of all 
nests contained eggs. In the first spawning of 1938, the river was 
visited on May 2, and by that time’87.1 per cent of the nests held fry. 
Heavy showers caused a sudden rise in the river shortly after this 
count was made, and the fry were completely destroyed, as far as could 
be determined. This rise in river level was followed by a second 
spawning of considerable consequence. This second spawning, un- 
usual in this section, occurred after a month of cold weather, and 
amounted t6 only about one-fourth of the principal spawning. It had 
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the same characteristic of simultaneousness, however, for 97.1 per cent 
of the nests contained fry on June 14, the latest date bass have been 
seen over their nests in this region. In 1941, 76.5 per cent of the nests 
contained eggs on May 3, and the fry in them were almost ready to 
rise by May 8. In the Cacapon River in 1941, 74.7 per cent of the 
nests contained eggs on May 2, and by May 6, many of the nests held 
black fry. From these observations, it is evident that the spawning 


season arrives and passes swiftly under natural conditions in this 
region. 


NuMBER OF Fry PropucED UNDER NATURAL CONDITIONS 


In 1938, the number of fry in 16 nests from the ‘‘test stream’’ sec. 
tions was determined by collecting the fry with a 12-quart pail (Fig. 
1) in the bottom center of which was soldered a piece of three-quarter. 
inch galvanized pipe, 2 inches in length, threaded at the end. A piece 
of three-quarter-inch garden hose, about 2 feet long, was attached to 
the threaded end. This apparatus for collecting fry was devised by 


Figure 1—Apparatus used in study of bass nests. (A) Tube with magnifying 
glass in bottom for close examination of nests. (B) Pail with siphon hose at- 
tached for collecting fry. 
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Figure 2.—Smallmouth black bass fry photographed in white enamelled pan for 
purpose of enumeration. 


Albert M. Powell, of the Maryland Conservation Department, and 
given to the writer. In collecting the fry for these counts, the pail 
was thrust into the water with the finger-tips of the left hand while 
the right hand directed the tip of the suction hose. Fry were collected 
very effectively and without injury by this method. The collected 
fry were then placed in a white enamelled pan and photographed 
(Fig. 2) at the stream site or placed in pails and counted later. 

The younger bass fry collected before they had become jet black 
showed a tendency to collect together immediately in schools when 
placed in a white enamelled pan (Fig. 3), while the older fry, with 
yolk saes nearly absorbed, distributed themselves uniformly throughout 
the pan. The newly-hatched, nearly transparent fry exhibit a negative 
phototropism or gregariousness that gradually diminishes as the fry 
grow older. Table 2 presents the data on individual nests. 


In 1941, a comparison was made of fry produced by bass in three 
of the rivers under observation. The results of this study are sum- 
marized in Table 3. 


The average number of fry in each nest was determined for the 
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South Branch of the Potomae during 1941. This number (2,036) was 
somewhat under the figure for 1938 (2,338 per nest) but close enough 
to indicate that the average nest produces at least 2,600 fry (2,159). 

On May 2, 1941, six large deep nests attended by males up to about 
18 inches in length were picked up in the Cacapon River test section. 
These large nests averaged 5,654 fry in each nest. On May 9, 1941, 
the number of fry in 22 nests collected in the poorest part of the test 
section on the Cacapon River was determined. These nests averaged 
only 1,043 fry each and were generally in shallow water attended by 
small males. The general average for Cacapon River nests during 
1941 was 2,210 fry. 

It has been interesting to note that nests in this river are usually 
at shallower depths than nests in the other two clearer streams. 


Table 2.—Number of fry per nest (photographic method) 
First Spawning—South Branch of the Potomac River—May 3, 1938 
Number of fry| Fry left Total fry in | 


Nest No. | photographed in nest each nest Remarks 

1 | 1,577 20 1,597 Used suction pail 

2 | 2,397 79 2,476 Used suction pail 

3 2,927 221 3,148 Suction pail only 

4 | 2,369 156 2,525 Used dip net 

5 } 2,501 200 2,701 Suction pail—finished with net 
6 | 1,468 57 1,525 Suction pail 

7 j 1,660 57 1,717 Suction pail 

2,788 127 2,915 Suction pail 

9 | 2,199 154 2,353 Suction pail only - 

10 } 2,743 75 2,818 | Suction pail and dip net 
11 | 1,868 73 1,941 Used suction pail and dip net 
Average number of fry per nest ............ 2,338 | 

Second Spawning—South Branch of the Potomac River—June 14, 1938 

1 25 714 

2 | 1,361 76 1,437 
Average number of fry per nest ............ 1,076 | 

Second Spawning only—Cacapon River—June 10, 1938 

1 723 | 160 | 883 

2 | 988 59 1,047 

3 1,016 | 61 1,077 


Average number of fry in each nest .... 1,002 


PRODUCTION OF FRY IN ARTIFICIAL PoNnDs 
= 
In 1939, a detailed record was kept of all fry produced in our spawn- 
ing ponds as well as a continuous record of water temperatures (Fig. 
4.) The temperature record for pond C-4 is furnished to illustrate the 
fact that there may be other factors besides temperature involved in 
the production of smallmouth black bass fry. One of these factors, 
and probably a very important one, is disturbance of the nesting fishes 
by going about the spawning ponds in search of nests. Reighard 
(1905) recognized this factor and examined it, on a small scale, with 
respect to egg and young fry losses. 
Desertions were particularly noticeable in our ponds in 1941. The 
success of a nest, both in rivers and artificial ponds, is believed to be 


= 


Propagation of Smallmouth Black Bass 


Figure 3.—Smallmouth black bass sae fry. 


vitally dependent upon the attendance of the male fish. If a male de- 
serts its nest, the eggs or fry may be quickly eaten by other bass, min- 
nows, or other egg and fry predators. 

In 1939, fry were removed from the ponds, beginning May 10, and 
ending May 20. In pond C-8, of 3-year-old hatchery-reared bass, most 
of the brood stock apparently spawned simultaneously since 77.8 per 
cent of all fry produced were removed on one day (May 18). In pond 
C-2, containing 38 large wild fish over 15 inches in length, 63.0 per 
cent of the fry were produced May 10, 11. In the remaining pond, 
C-4, with 122 brood fish of wild stock, 59.8 per cent of the fry were 
removed on May 10, 11. There was evidence of a second spawning 
following the probable let-up in our activity about the ponds on May 
10,11. The temperature record for pond C-4 taken during 1939 (Fig. 
4) shows a drop in pond temperatures to a minimum of 55.5°F. on 
May 14. The second period of fry productivity could not have fol- 
lowed the second rise in temperature because there was insufficient 
time intervening for incubation of the eggs. Instances where eggs 
have been deposited and the resulting fry have risen from their nests 
within a 5-day period have been recorded, but it seems likely that the 
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Table 3.—Comparison of fry produced by smallmouth black bass in three rivers, 
1941 


Average 

number of 
Number Total number fry in 

Name of river Date of nests of fry each nest 
South Branch of the Potomac ......... May 8 16 32,577 2,036 
Shenandoah River ........0...ccccosccsccccses May 7 7 13,983 1,998 
Cacapon River (Largent) ................ May 2 6 33,922 5,654 
Cacapon River (Cacapon Bridge) May 6 9 22,656 2,517 
Cacapon River (near Largent) ........ May 9 22 22,954 1,043 
Cacapon River (near Largent) ........ May 14 102 24,360 2,436 


1These nests were collected because of their large size. They are usually nests in the 
deeper water. 


“Taken from a poor nesting section. 


second spawning in this ease occurred before the temperature drop il- 
lustrated in Figure 4, and that it coincided with diminished activity 
in removing the first batch of fry from the ponds. 

On one occasion in 1941, ten nests with eggs were counted in this 
pond, but two days later, only four contained fry. . In this case, ac- 
tivity by persons about the pond no doubt caused desertions which 
were disastrous to those nests. Nests were repeatedly refanned and one 
bass was observed eating fry in a deserted nest, by Bartlett Hazen of 
the Leetown staff. 

From this example in the artificial pond culture of smallmouth black 
bass, and the knowledge derived from observations on natural propaga- 
tion, it seems that something still may be learned regarding the suc- 
eessful production of fry in artificial ponds. At Leetown in 1939, 
38 large bass over 15 inches long (16 males, 22 females) in a pond of 
0.57 acre in area produced almost as many bass fry (70,225) as a pond 


of Fry 


Ss 


n 


April 
Figure 4.—Maximum and minimum water temperature and smallmouth black 
bass fry production records for Pond C-4, 1939. 
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1.7 acres in area with 122 bass (number of fry, 78,614). There is 
evidence at hand that the proper number of smallmouth black bass 
to use for each acre requires additional study, particularly in the 
‘““Ohio’’ method described by Langlois (1932). Langlois, himself, 
concluded that not more than 500 brood bass for each acre should 
be used in the stall system. At the Maryland State Hatchery, where 
this system has been employed for the last 5 years, Mr. Albert Powell, 
Superintendent, has cooperated closely with the writer in comparing 
notes on fry production. Within the 5-year period from 1937 to 1942, 
he used from 500 to 1,161 adults for each acre, and, in all years, the 
number of successful nests has been small. In 1937, 42.1 per cent of 
the brood bass (sexes undetermined) produced nests, but only 35 per 
cent of those nests produced fry; in 1938, 40 per cent of the brood 
bass spawned, but only 18 out of 45 nests (45 per cent) were suc- 
cessful; in 1939, 27.6 per cent of the brood stock produced 78 nests 
with eggs, but again only 25 nests out of 78 (32 per cent) were suc- 
cessful; in 1941, when the maximum number of brood bass for each 
acre (1,161) were used, only 6.8 per cent of the 325 brood bass pro- 
duced nests; again in 1942, when 829 bass for each acre were used, 
32.3 per cent of the brood bass produced nests, but again many nests 
were not successful. 

The experience in ponds at Leetown tends to confirm Lydell’s (1926) 
conclusion that not more than 150 brood bass for each acre should 
be used. 


ELIMINATING THE ANNOYANCE FACTOR 


It was during 1941, a poor season, that the writer realized fully 
that human annoyance was the principal factor in preventing simul- 
taneous and really successful spawning by our smallmouth black bass 
brood stock. 

Plans were made to test the theory during 1942. All precautions 
possible were taken to prevent the disturbance of the bass during 
the spawning season. 

Pond K-1 (0.48 acre) was stocked with 150 bass for each acre. The 
72 fish placed in it included 32 male and 40 female fish which had been 
fed on artificial food during the summer and live minnows through the 
winter. These large fish ranged from about 11 to 20.5 inches in length. 
Among them were some wild fish collected during 1941. 

Pond F-2 (0.3 acre) was stocked with 23 fine, large domestic fish 
reared from fry hatched in 1936. These fish ranged in length from 
12.1 to 17.0 inches (average 13.9) and included 10 males and 13 
females. 

Pond I-8 (0.35 acre) was stocked with 20 male and 29 female wild 
fish under 10 inches in length. 

The only visits made to these ponds after stocking them early in 
April were for the purpose of adding quantities of minnows sufficient 
to keep them well supplied with food. Artificial food might have been 
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fed to the fish in ponds K-1 and F-2, but live minnows were added be- 
cause they could scatter themselves (or be scattered by the fish) 
throughout the pond without disturbance of nesting fish. 

Another precaution was to place the gravel nests only along the 
shore line. This made the use of a boat to view the nests unnecessary. 

That the precautions taken produced successful results can be deter- 

mined by an inspection of Tables 4 and 5, which give all pertinent 
information. The bass fry removed from every nest were counted 
by hand. 
The following facts are illustrated by these data: (1) All ripe fe- 
male brood bass (in ponds K-1 and F-2) which were ready to spawn 
by mid-April spawned simultaneously as they do under natural condi- 
tions. With the exception of one fish, all of the wild females in pond 
I-8 spawned at one time. (2) A second spawning period occurred in 
ponds K-1 and F-2 on or after May 8. It was interesting to note that 
this spawning period might have occurred earlier had temperature 
been the all-important factor. A study of a continuous temperature 
record for pond K-1 during the spawning season showed a rapid rise 
in the water temperature from 61° F. on April 28 to 76° F. on May 1. 
This rise in temperature did not iniate spawning. Another rise in tem- 
perature occurred on May 5 and 6 when the water temperature rose 
from 65° F. on May 5 to 78° F. on May 6. New nests with eggs did 
not appear at the time, undoubtedly because the fish were disturbed by 
the activity of men about the pond in the collection of fry from the 
first spawning period. It is true that a second spawning period was 
associated with a wide fluctuation in temperature from 57.5° F. to 77° 
F. on May 11, but the restoration of quietness after May 8 gave the 
fish the privacy required for successful spawning. (3) In spawning, 
the female fish spawned out completely and did not produce dribbles 
of eggs at intervals on successive rises in temperature. The best proof 
for this is from pond F-2, where 13 females were stocked and 13 
spawned. One of these females evidently started to spawn in Nest No. 
4, but finished in No. 5, from which 12,249 fry were removed. Other 
proof is provided by pond K-1, where the average number of fry in 
each nest in Spawning IT (average, 5,063 fry each) is greater than in 
Spawning I (average, 4,877 fry each). (4) There has been no evi- 
dence, thus far, that old age has any adverse effect.on fry production. 
The bass in pond F-2, now in their seventh season, are getting more 
productive each year. (5) Bass under 10 inches in length are unlikely 
to produce more than 3,000 young fish. More information of this type 
may be of value in field observations in streams where it is desired to 
obtain some idea of the ratio of undersized to legal-sized fish. 

The writer made a special trip to the ‘‘test sections’’ of the South 
Branch of the Potomac and Cacapon Rivers on May 15, 1942, to deter- 
mine whether a second spawning of consequence had occurred in the 
tivers as in the hatchery ponds. The principal spawning areas were 
covered in the 2.75 mile length section of the South Branch of the Po- 
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tomac with the discovery of a single nest with eggs. Here, as in the 
Cacapon River, most of the fry had risen from their nests on May 7 
and 8. Time permitted the survey of only a mile section of the Caca- 
pon River on this same day (May 15). The section was a very long 
pool near Largent, W. Va. A total of thirty-two nests were found. 
In the vicinity of nineteen nests, scattered fry could still be found. 
Eleven nests were without fry or eggs, and only two fresh nests were 
found with eggs. It was evident, as recorded in previous years, that 
the first spawning was the most important, and was simultaneous in 
nature. 
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THE MEASUREMENT OF FISHING INTENSITY ON THE 
LOWER T.V.A. RESERVOIRS?! 


CLARENCE M. TARZWELL AND LAWRENCE F. MILLER 


Forestry Relations Department, Tennessee Valley Authority 
Decatur, Alabama 


ABSTRACT 


In March 1940, an intensive inventory of fishing on the lower T.V.A. reser- 
voirs was undertaken to determine the extent and value of their fishery. Since 
only two outboard motorboats were used in this census and since the four 
lower reservoirs have a combined shoreline of some 2,600 miles, it was neces- 
sary to divide them into sections which could be covered in one day and to 
develop sampling techniques for the study. At first, periodic sampling was 
used, but in August this method was abandoned in favor of stratified random 
sampling. During the period of the study 123 complete counts were made and 
a total of over 70,000 miles of shoreline were covered. On the basis of the 
counts made it was calculated that there were over 1,200,000 man-days of 
fishing on these reservoirs during the year of the study. About 162,000 man- 
days of this fishing were concentrated in the small tail-water areas of Gunters- 
ville, Wheeler, Wilson, and Pickwick Dams. Fishing was heaviest during 
April, May, and June, after which it declined steadily to a low in December 
or February. Bank fishermen were predominant on the reservoirs proper but 
boat fishermen were dominant in the tail-water areas below the dams with the 
exception of Pickwick dam. Of the three lower reservoirs fishing was heavi- 
est on Wheeler which had 6.4 fishermen-days per acre. Wilson ranked second 
with 4.9 fishermen-days, and Pickwick third with 3.3 fishermen-days per acre. 
The intensity of fishing per mile of shoreline varied from 566 fisherman-days 
on Wilson Reservoir to 311 on Pickwick Reservoir. 


INTRODUCTION 


In March 1940, the Biological Readjustment Division of the Ten- 
nessee Valley Authority began an extensive inventory of fishing on the 
lower T.V.A. reservoirs: Guntersville, Wheeler, Wilson, and Pick- 
wick. This study had for its purpose the determination of fishing 
intensity and its variations on these waters throughout the year, as 
well as the economic importance of fishing in these impoundments. 
During the year of the study 123 complete counts of the fishermen on 
the reservoirs were made. The number of times the entire shoreline 
of each reservoir was covered is as follows: Guntersville, 8; Wheeler, 
30; Wilson, 29; and Pickwick, 56. Several areas near centers of 
population were visited at more frequent intervals (were covered 6 to 
10 additional times). In all, observations were made along over 70,000 
miles of shoreline in the inventorying of these four waters. 

General observations made during the course of the fishery investi- 
gations on the lower reservoirs had suggested that fishing was rela- 
tively light the first year of impoundment, that it increased decidedly 
the second year, that it was heaviest near centers of population and in 
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the tail waters below the dams, and that fishing was more extensive 
after impoundment. These observations, however, did not furnish 
information on the total amount of fishing or on the intensity per unit 
area. Furthermore, counts of fishermen made in limited areas were 
unsatisfactory for estimating the total amount of fishing in the reser- 
voirs due to the size of these waters and the great variability in the 
concentration of fishing. It was therefore considered necessary to 
make periodic counts of the fishermen in all parts of the reservoirs in 
order to obtain reasonably exact information on the total fishing. As 
the lower reservoirs have a combined shoreline of over 2,600 miles, 
such counts represented a considerable undertaking. Area, length of 
shoreline and the volume of the lower reservoirs are shown in Table 1. 


Table 1—Comparison of lower T.V.A. reservoirs 
Date of Length Area | Miles of Greatest Volume 


Recervoir | impoundment (mites) (acres) shoreline | depth (feet) (acre feet) 


Guntersville .... 82.1 70,700 970 | 981,000 
9- - 74.1 68,300 1,063 1,115,000 

15.5 15,500 135 600,000 

52.7 46,800 | 496 ; 1,032,000 


| 201.300 | 2,664 sane | 3,728,000 


SAMPLING METHODS 


In planning the study consideration was given to the possibility of 
using an airplane, but this idea was abandoned in favor of two fast 
outboard motorboats operating from the Biological Readjustment Di- 
vision laboratory boat. For convenience in counting and recording 
the data, the reservoirs were divided into sections, two or more of 
which were covered within a day’s time. In making the counts, the 
laboratory boat was taken to a central point for the sections to be 
counted, and the outboard boats worked out from it in each direction. 
Field glasses were used to locate fishermen in stumpy, backwater areas 
where the boats could not go near the shore. Stumpy areas in tribu- 
tary streams were visited by car and counts were made from the 
bank. Bank and boat fishermen were tabulated separately on a special 
form. Date, day of the week, number of the section counted, time of 
day, weather, and the opinion of the census taker as to the kind of 
fishing day, namely, poor, fair or good were recorded on these forms. 
Due to the extent of the shoreline, several days were required to make 
a complete circuit of the reservoirs and it was possible to cover each 
area only once during a period of several days. The problem of secur- 
ing a representative sample of the fishing in each area, therefore, pre- 
sented itself. Because fishing intensity appeared to follow a weekly 
cycle in the first part of the season, being heaviest on week ends, holi- 
days, and Thursday afternoons (many business establishments close on 
Thursday afternoon), counts were made in the same area for 7 succes- 
sive days. By this method it was planned to gain an idea of the total 
fishing in the weekly cycle and of the percentage of that total for each 
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day of the week. After this information was acquired, it was planned 
to make only one count in each area and then use the percentage of 
fishing represented by the day on which the count was made to caleu- 
late the fishing for the week. 

After this system was used for a time it became apparent that so 
much time was consumed in making the weekly counts that the distri- 
bution of fishing changed between counts. Also, it became clear that as 
the season advanced, fishing did not have such a tendency to occur in 
weekly cycles, and that several factors other than the day of the week 
influenced the intensity of fishing. It was observed that the type of 
day exerted more influence on the amount of fishing than did the day 
of the week. Wind and waves exerted a considerable influence, for on 
a quiet day fishing was spread out and boat fishermen were found in 
the open water, while on windy days, when the waves were high, both 
bank and boat fishermen were confined to sheltered areas. 

Furthermore, the condition of the water had some influence, as 
muddy water and fluctuations in water levels caused fishing to drop 
off considerably. In addition, the quality of fishing below the dams 
was influenced by the flow over the spillways. When the flow was 
moderate fishing was heavy due to the concentration of fish, but when 
the water was shut off fishing decreased. However, if there was a large 
flow of water over the spillways the water below the dams was too 
rough for fishing. It was noted that the negroes did not fish on Satur- 
day afternoon or Sunday and, since they were mostly bank fishermen, 
this type of fishing was low over the week ends. Boat fishing, however, 
was intense because the whites who fish mostly on week ends are for 
the most part boat fishermen. Again, during the cotton-hoeing sea- 
son, bank fishing was heavy on a day following a rain when it was too 
wet to work in the fields. Cloudiness and rain exerted a great influ- 
ence on fishing, but often there were more fishermen on a warm. 
cloudy, quiet day than on a cold, clear, windy day when the waves 
were high. Because all these factors tended to disrupt the weekly 
eycle of fishing, especially after the usual spring enthusiasm had worn 
off, the periodic method of sampling was abandoned at the end of 
August in favor of stratified random sampling. It was thought that 
this type of sampling would be best in view of the many factors influ- 
encing the fishing intensity. 

In order to permit more frequent sampling, the counts from this 
time on were confined to the three lower reservoirs—Wheeler, Wilson, 
and Pickwick. These reservoirs were divided into five sections, each of 
which could be covered in a day. In order to distribute equally all fac- 
tors responsible for the variation in fishing intensity, the period over 
which counts were made was ‘‘stratified’’ by dividing it into 10-day 
periods during which time a complete count of the three reservoirs 
was made. In drawing up the schedule for counts, each 10-day period 
was treated as a unit and the section to be counted and the day it was 
to be counted were determined by drawing numbers according to a 
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fixed procedure. A drawing was first made of the section to be count- 
ed, then one number was drawn to determine on which of the ten days 
that section was to be counted. The same procedure was followed for 
the other four sections, and each day selected was removed from the 
drawing, as two sections could not be counted on the same day. By 
following this procedure all three reservoirs were counted once every 
10 days and a stratified random sample of the fishing was secured. 
Counts were made on the day selected regardless of the weather. The 
10-day periods were so arranged that three of them occurred each 
month. Thus, there were three complete counts on each reservoir per 
month. At the end of March 1941 counts on Wheeler and Wilson Res- 
ervoirs were discontinued as the full year of counts was completed at 
that time. Counts were continued in Pickwick Reservoir until the end 
of August 1941. As this was the only reservoir being counted more 


time was available and as many as seven counts were made during a 
month. 


CALCULATION OF THE AMOUNT OF FISHING 


Over the total period of the study the counts in each section were 
fairly well distributed as to the days of the week. In calculating the 
total amount of fishing the results of the counts in each section were 
calculated separately due to the fact the weather was not the same in 
all sections. The totals for all sections were combined directly to 
determine the totals for each reservoir. Because of the concentration 
of fishermen below the dams, the tail-water areas have been considered 
as separate sections and the counts recorded separately. 

Standard errors were computed for several of the counts in each 
of the sections for April and May and for those made in Pickwick 
Reservoir in July. The means obtained for these counts had large 
standard errors that varied from 8 to 100 per cent of the mean. Under 
ordinary conditions the standard error of the mean number of fisher- 
men for a month in any section would be large, even though all fisher- 
men were counted each day of the month. This is due to the great 
variability in fishing intensity. The standard error of the mean, there- 
fore, is a measure of the variability of the fishing and not a measure of 
the accuracy of the counts. As has been pointed out this variability is 
traceable to several conditions, the most important of which is weather 
and its associated factors. After a consideration of all factors, it was 
decided that the classification of each day as a good, fair, or poor fish- 
ing day, according to the weather, was the best method to use in caleu- 
lating the total amount of fishing during any one month. 

Before computing the totals, the actual number of fishermen ob- 
served in each section was multiplied by two to secure the total num- 
ber of fishermen in that section for the day. This increase was made 
because the average fishing time is about 5 hours and fishermen usually 
fish either in the forenoon or the afternoon. Consequently, the cen- 
sus taker who passed any given point only once a day would see only 
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about one-half of the anglers fishing in that section during the day. 
From these records of the counts of fishermen made in one section, or 
a group of sections, the average number of bank and boat fishermen 
who were found fishing on each type of fishing day—poor, fair, or good 
—was determined. The average of the number of fishermen counted 
on poor fishing days was then multiplied by the number of poor fishing 
days occurring in that month to determine the fishing for these days. 
In the same way the average numbers fishing on fair and good days 
were each multiplied by the numbers of fair and good fishing days oc- 
curring in the month and the products for the three types of days 
added to obtain the calculated total of bank and boat fishing for the 
month. This procedure was followed, in so far as possible, for each 
reservoir each month. 

When data were not available in one section for one of these three 
types of fishing days, but were available for an adjacent section, the 
average for that type of day was determined by proportion. Estimates 
of fishing intensity, in each reservoir based on the two methods of sam- 
pling, are presented in Table 2. 


INTENSITY AND DISTRIBUTION OF FISHING 


These fishermen counts indicate that fishing on the lower T.V.A. 
reservoirs is quite heavy on both the old and the new waters. Calcula- 
tions based on these counts show that during the period of one year 
there were 665,300 fishermen days of fishing on the three lower reser- 
voirs, distributed as follows: Wheeler, 434,700; Wilson, 76,400; and 
Pickwick, 154,200. As only eight counts were made on Guntersville 
Reservoir estimates for that reservoir have been made for only two 
months—May and August. The calculated fishing was 143,400 fisher- 
men-days for May and 42,200 for August. During April, May, and 
June angling on Guntersville Reservoir was much heavier than it was 
on any of the other lower reservoirs. After the fourth of July fishing 
dropped off so that by August the total fishing was only a fraction of 
what it had been in the spring months. It is estimated that angling 
during April and June was about as heavy as it was in May. How- 
ever, if fishing on Guntersville for the 10 months for which data were 
not available was only as heavy as that on Wheeler Reservoir the fish- 
ing for the year on Guntersville would total 478,600 fishermen-days. 
On the basis of these calculations, it is estimated that there were about 
1,200,000 man-days of fishing on the four lower reservoirs during the 
year of the counts. On all the reservoirs fishing was heaviest in the 
spring months, with a gradual reduction in intensity as the season 
advanced until a minimum was reached in December or February. 
Anglers were concentrated near centers of populations and in the tail- 
water areas below the dams. In general, fishing was heavy in the back- 
waters and flats in the central part of the reservoirs and was light in 
the open, wide expanses of water in the lower portions of the reservoirs 
and in the upper portions where the water was within the old banks 
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of the river and there was some current. Bank fishermen were more 
numerous than boat fishermen on all of the reservoirs except Wilson, 
but in the tail-water areas boat fishermen were more abundant with 
the exception of the Pickwick tail water. 

The counts made on Guntersville Reservoir indicate that bank fisher. 
men were very abundant and made up 88 per cent of the total number 
fishing. This predominance of bank fishermen was due to the great 
amount of fishing for carp. Until July carp were biting well and large 
catches were usually made. Fishermen came from surrounding com- 
munities within a radius of 30 miles or more and on week ends and 
in fair weather thousands of people lined the banks fishing with cane 
pole and worms. After the carp fishing became poor the proportion 
of boat fishing increased, but still did not make up as large a propor- 
tion of the fishing as on the other reservoirs. This situation may be 
due in part to the fact that Guntersville is the youngest reservoir 
and did not have as many boats or boat fishermen as some of the older 
waters. 

Counts of the number of boats on each of the lower reservoirs were 
made in connection with the fishermen counts. <A total of 3,042 boats 
was noted which were distributed as follows: Guntersville, 741; 
Wheeler, 1,038 ; Wilson, 633; and Pickwick, 630. Over 95 per cent of 
these boats were used for fishing. The greatest concentration of boats 
was on the oldest reservoir, Wilson, where there was an average of 
5.0 per mile of shoreline. The numbers of boats per mile of shoreline 
on the other three reservoirs were: Wheeler, 1.0; Pickwick, 1.3; Gun- 
tersville (the newest reservoir), 0.8. 

On Wheeler Reservoir bank fishermen were predominant, but not to 
such an extent as on Guntersville. They made up 66 per cent of the 
total fishing, and outranked the boat fishermen in each month except 
December, when there was a large concentration of the latter below 
Guntersville Dam. Approximately 6.5 per cent of all fishing and 13 
per cent of the boat fishing for the entire reservoir occurred in the tail- 
water area below Guntersville Dam. Bank fishing predominated in 
the other parts of the reservoir because the large rural population of 
negroes fished almost entirely from the banks. 

In Wilson Reservoir, much of which is bordered by steep, rocky 
eliffs unfavorable for bank fishing, the situation was reversed and boat 
fishermen comprised about 70 per cent of the recorded number of 
fishermen. The heavy fishing in the tail water below Wheeler Dam 
was chiefly by boat. Fishing in this area made up approximately 39 
per cent of the total fishing on Wilson Reservoir. Bank fishing on this 
reservoir was further restricted by the fact that because here the ad- 
jacent land is privately-owned, making access by land to some areas 
more difficult than on the other waters where the adjoining land is 
owned by the government. 


About 50 per cent of the anglers counted ou Pickwick Reservoir 
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were bank fishermen. Fishermen below Wilson Dam comprised 42 
per cent of the total number found on this reservoir. 

Fishing in the tail-water areas below the dams differs considerably 
from that in the reservoirs proper. According to the counts made 
there were 161,900 fishermen-days of fishing below Guntersville, 
Wheeler, Wilson, and Pickwick Dams during the year in which counts 
of fishermen were made. A large part of this fishing was done below 
Wilson Dam. Below Guntersville and Wheeler Dams most of the 
fishing was done by boat but below Wilson Dam there were almost as 
many bank fishermen as boat fishermen, while below Pickwick Dam the 
bank fishermen predominated. The estimated total amount of fishing 
below the dams and the number of fishermen for each month are sum- 
marized in Table 3. 

Of the several tail waters, the one below Wilson Dam supported the 
most fishing. Here the estimated number of anglers during the year 
of the count was over 65,000 compared with approximately 30,000 be- 
low Wheeler Dam, and 28,300 below Guntersville Dam. There were 
about 38,700 fishermen-days of fishing below Pickwick Dam during the 
year of the counts. 

The amount of fishing per acre and the intensity of boat and bank 
fishing in each of the lower reservoirs are listed in Table 4. Wheeler 
Reservoir, with 6.4 fishermen-days per acre, leads in the amount of 
fishing, but if the counts had been carried out on Guntersville Reser- 
voir for the same length of time as on Wheeler Reservoir, Guntersville 
would probably have shown the greater fishing intensity. Bank fishing 
on this reservoir was especially heavy; records for only two months 
indicated 166 fishermen per mile of shoreline. Boat fishing was light. 
Wheeler, in addition to ranking highest among the three lower reser- 
voirs in total fishing per acre was also highest in fishermen days of 
bank fishing (270 bank fishing trips per mile of shoreline). The in- 
tensity of boat fishing was about the same on Wheeler and Wilson 
Reservoirs, as Wheeler had 2.2 and Wilson 2.1 fishermen-days per acre. 
Wilson Reservoir ranked low in bank fishermen but was second in the 
total fishing per acre. 

A comparison of the fishing intensity on the lower TVA reservoirs 
with that of Michigan and Wisconsin lakes indicates that the TVA 
reservoirs having the heaviest fishing were as intensively fished as the 
lakes in the North. Eschmeyer (1938) found that during a 4-year 
period the fiShermen-days per acre on Fife Lake varied from 3.5 to 6.6. 
Hazzard and Eschmeyer (1938) reported an average of approximately 
seven fishermen-days per acre for 12 lakes in southern Michigan. 
Frey (1939) estimated a total of 4.2 fishermen-days per acre on Wau- 
besa Lake and 2.2 on Kegonsa Lake, Wisconsin. 


SUMMARY 


A study to determine the amount and variation of fishing in the 
lower T.V.A. reservoirs was begun in March 1940. Counts of bank 
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Table 4.—Intensity of fishing on the lower TVA reservoirs for one year 


Man-days of Man-days of boat | Man-days of bank | Man-days fishing 
fishing per fishing per fishing per mile per mile of 
Reservoir of shoreline shoreline 


1Represents 9 months of fishing. 
*Represents 11 months of fishing. 


and boat fishermen were made along the entire shoreline by means of 
two fast outboard motorboats. For convenience in counting, the reser- 
voirs were divided into sections which could be covered by these boats 
in one day. Early in the season periodic samples were taken, but 
after August stratified random sampling was used. When the counts 
were made records of weather were kept and each day was classified 
as a poor, fair, or good fishing day. In calculating the total number 
of fishermen-days during the month, the average number fishing on 
each of the three types of fishing days as determined by the census was 
multiplied by the number of the corresponding type of day occurring 
in the month and the products were added to obtain the total fishing 
for the month. 

Fishing was most intensive in the spring months and lightest in 
December or February. It was concentrated near centers of popula- 
tion and in the tail-water areas below the dams, and was lightest in the 
open-water areas in the lower portion of the reservoirs. Bank fisher- 
men predominated in the reservoir proper, but boat fishermen were 
most abundant below the dams. It is calculated that there were about 
1,200,000 individual fishing trips on the lower reservoirs during the 
year of the study. About 162,000 of these were in the tail-water areas 
below Guntersville, Wheeler, Wilson, and Pickwick Dams. Of the 
three lower reservoirs (Wheeler, Wilson, Pickwick), Wheeler was 
fished the heaviest with 6.4 fishermen-day per acre; Wilson was second 
with 4.9 fishermen-days per acre; and Pickwick was third with 3.3 
fishermen-days per acre. Wheeler ranked first in bank fishing and 
Wheeler and Wilson had about the same amount of boat fishing—2.2 
and 2.1 fishermen-days per acre. Fishing intensity on the lower res- 
ervoirs compares favorably with that on several northern lakes for 
which records are available. 
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THE SMELT, OSMERUS MORDAX, IN GREAT BAY, 
NEW HAMPSHIRE 


HersBert E. WarFEL, TSRRENCE P. Frost WaRREN H. JONES 


Biological Institute, University of New Hampshire, 
Durham, New Hampshire’ 


ABSTRACT 


In the course of a study of the fishery resources of the State of New Hamp- 
shire, a spawning run of anadromous smelt, Osmerus mordaz, was analyzed 
for age, size, sex ratio, and sexual dimorphism. 

Four distinct age groups were present in the run. A 1-year group, while 
not present in the marketed product, comes into the gear during the spawning 
season. The predominant age class is 2 years. The next largest age group is 
the 3-year group and a scattering of 4-year individuals is encountered. 

The size of the total population collected during the course of the spawn- 
ing run was fairly uniform except that a tendency toward smaller size was 
exhibited near the end. 

The sex ratio during the run follows the pattern previously described by 
investigators of fresh-water smelt.. A distinct dimorphism with regard to size 
differences, coloration, and nuptial tubercle development exists. 

A brief description of the gear conditions is included. 


The most important fish taken at the present time in the waters of 


the New Hampshire coast is the common smelt, Osmerus mordaz. This 
fish, well known in the inland waters, where it has either become 
“land-loecked’’ or has been artificially stocked, is an item of consider- 
able importance to a few fishermen who annually invest in the neces- 
sary gear for taking it in paying quantities, and to several hundred 
sports fishermen who fish for it through the ice. 

The work of Kendall (1926) is too well-known to warrant repetition 
here of the general characteristics, habits and distribution of the smelt, 
and this paper is confined to a study of the composition of the spawn- 
ing run in the Lamprey River, one of the confluents of Great Bay, and 
the other streams immediately adjacent to that area. 

The types of gear utilized in the fishery are those designed to take 
advantage of the ‘‘schooling’’ habit. In the commercial fishery two 
types are encountered. For fishing through the ice, bow-nets are used. 
These are in effect, large dip nets set through rectangular holes cut in 
the ice, and are used when the fish are near the mouths of the stream 
and on the margin of the bay. During the spawning run a larger and 
more effective type of gear is used, called a weir, in this region. This 
isa large, rectangular trap set permanently i in a stream in such a way 
as to intercept the fish as they move up and down the course. It is a 
modification of trap nets used in several types of shore fisheries on the 
North Atlantic and is highly effective. It is a ‘‘savings gear,’’ inas- 
much as it allows the smaller (one-year) fish to escape. ‘ 


1Contribution No. 9, Biological Institute of the University of New Hampshire. 
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The season for taking smelt extends roughly from the first of the 
calendar year to mid-April. The beginning of the season is largely 
determined by the formation of ice that is safe enough to travel upon. 
When the ice is formed the bow-net can be used, and while smelt can 
be taken by various means as early as September in the lower estuaries 
the fishermen apparently do not consider it worth while to set the traps 
since they have to be removed before the freeze. The end of the season 
oceurs about mid-April and is set by New Hampshire law, although 
some elasticity is allowed and the closing date varies somewhat. 

Smelt vary in abundance during a season under the influence of sev. 
eral conditions. A thaw, introducing quantities of fresh water in the 
estuaries, causes the fish to move from their customary grounds to 
other parts of the Bay. It is not known if this is a temperature re- 
action or a response to reduced salinity. The fishermen believe the 
latter to be the case. The tides, in the narrower channels, govern fish- 
ing operations to a degree. As the tide ebbs, the fish have a habit of 
moving with it in small schools. On the incoming tide, however, the 
smelt are generally confined to the channel of a stream and large 
hauls are taken. The appearance of the fish in a definite channel is 
uncertain during the winter and it is possible to fish over a consider- 
able area without results for several days. 

Preliminary studies have been largely concerned with the composi- 
tion of the catch following the idea that if the nature and composition 


of the smelt population were known first, explanations of its ecology 
when studied later would be much more understandable. Therefore, 
this is but the first of what should be an extensive project that should 
run over a period of 3 or 4 years. To complete the study one complete 
generation of smelts should be followed. 


AGE 


A total of 287 individuals were studied to determine their age’ 
Bigelow and Welsh (1924) and others have indicated that the smelt, 
being school fish, probably associate in age groups; that is, all fish of 
one age seem to associate and those of another year run together in 
another school. Several writers comment upon the uniform size of 
schools observed. Neither of these observations was verified by the 
present study. The runs contained fish of two predominant age groups 


Table 1.—Relative abundance of Great Bay smelt according to age group. 
Date collected H 
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plentiful in the catch, and they are almost always allowed to escape 
when they are taken. Several hauls observed had only a few or no 
|-year fish in them, 10 being the largest number seen at any one time. 
Two-year fish, on the other hand, are the most abundant fish in the 
catch, and 3-year fish are next in abundance but quite below the 2- 
year group in numbers. A few 4-year individuals were found in the 
winter catch but not enough of them to be an important factor in 
the fishery. Fishermen say that the 1-year fish remain in schools in 
the estuaries until fall and that they have often seen what they as- 
sumed to be schools of smelt of the year in late summer and early 
fall. That these fish enter the streams during the spawning run is evi- 
denced by those taken this season. How abundant they are at that time 
is uncertain. 


LENGTH 


Two length measurements of fish usually are made by fishery in- 
vestigators. One, the total length, is from the tip of the snout to the 
tip of the caudal fin. The other, the standard length, excludes the 
tail fin. Both of these measurements were made to determine the 
relationship of one measurement to the other, and to determine if any 
evidence of sexual dimorphism could be found expressed in this strue- 
ture. The relationship expressed as a ratio T.L./S.L. varied from 1.12 
to 1.17. No significant differences correlated to age or sex in this 
respect were found. 

Henceforth alt references will be in terms of the total length. 

The length of the age groups is shown in Figure 1. The mean length 
of 1-year fish is 86.0 millimeters, of 2-year smelt 144.9 millimeters, of 
3-year fish 171.0 millimeters, and for the few individuals in the 4-year 
group 220.0 millimeters. The increment is greatest during the first 
year. The fish grew 59.0 millimeters in length the second year, 26.0 
millimeters the third year, and 49.0 millimeters the fourth. Translated 
into inches, the 1-year fish are 3.38 inches in length, the 2-year fish 
average 5.70 inches, the 3-year fish 6.73 inches and the 4-year fish 
were 8.70 inches. There is a considerable range in size within each 
of these age groups so that immediate comparison is inadvisable. 

The length of the total population ranged from 69.0 to 230.0 milli- 
meters. 


WEIGHT 


The mean weights of the year classes are shown in Figure 1. One- 
year fish averaged 2.45 grams, 2-year fish 16.73 grams, 3-year fish 30.62 
grams, and the few 4-year fish 55.0 grams. In the avoirdupois scale, 
the l-year fish weighed 0.0864 ounces, the 2-year fish 0.59 ounces, 3- 
year fish 1.07 ounces, and the 4-year fish 1.94 ounces. The trend of 
Figure 1 denotes a remarkable increase in weight in the 4 years of the 
smelt’s existence. The first increment is 14.28 grams, the second 13.89 - 
grams, the third 24.00 grams. The last value is probably not a true 


259 

pup. 
Total 
mber 
63 

69 

10 

145 


American Fisheries Society 


== @ MEAN LENGTH 


MEAN WEIGHT 


4 
2 
= 


2 3 4 
YEAR 


Figure 1.—Comparison of lengths and weights of smelt in Great Bay, New Hamp- 
shire, according to age. 
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one for the entire population of 4-year fish, since there were too few 
of them in the samples studied to render accurate judgment in this 
respect. 

tt has long been thought by fishermen that the smelt taken later in 
the season were smaller than those taken at the beginning of a run. 
Studies of the mean weights of the entire populations, as collected, 
indicate that there is some truth to this assumption. The first collec- 
tion, made April 5, had a mean weight of 23.50 grams, the next two 
collections made April 8 and 10 weighed 24.40 and 24.30 grams, re- 
spectively, while the last collection taken April 19 averaged 20.25 
grams. 


Sex 


Kendall (1926) has noted the wide disparity in sex among the smelt 
in single hauls taken from salt water. Hoover (1936) and Green 
(1930) and others have noted the same occurrence, although less pro- 
nounced, in fresh water. The smelt of Great Bay were studied to 
verify these previous findings and to determine the sex ratio. 

The sex ratio of the populations varied considerably when sampled, 
and a definite trend could be established in this connection. Of 854 
smelt taken during the month of April, one-half were males and one- 
half were females. But in any one sample the ratio of males/females 
ran as indicated in Table 2. 


Table 2.—Sez ratio of Great Bay smelt. 


Date of Number 
colection of fish Number of Number of 
(1942) in sample males females 
| 


Considering this small sample in its entirety, the ratio of the sexes is 
the same, but during the height of the spawning run the males pre- 
dominate. This has been observed in fresh water by Hoover (1936), 
Green (1930), and Langlois (1935). 

Another aspect of the sex problem in smelt is dimorphism. Langlois 
(1935) cites three factors that enabled him to distinguish sexes involv- 
ing (1) color, the same being darker; (2) size, the females being larg- 
er; and (3) pronounced nuptial tubercles on the males. Hoover (1936) 
cited the nuptial tubercles as being useful in differentiating the sexes. 
Recently Richardson (1942) has described, histologically, the tubercles 
on the female. The color and the tubercles are apparent during the 
spawning season of the smelt from Great Bay. Size differences are 
apparent in measurements. The mean of the total lengths of all the 
males taken during the spawning run is 150.25 millimeters. The same 
figure for females is 161.3 millimeters. The females of all age groups 
are therefore 11.05 millimeters larger on the average than the males. 
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Sex differences, as expressed by weight, are more pronounced than 
those expressed by lengths. The mean of the mean weights of the 
males was 19.00 grams and the mean of the mean weights of the fe. 
males was 26.64 grams. There was some evidence indicating that this 
difference becomes more marked as the age of the fish increases. 


Table 3.—Sexual dimorphism in dominant age groups of smelt. 


Mean | Mean 

| weight | length 

i (grams) | (millimeters) 

14.04 141.8 
19.43 | 148.1 

} 24.36 } 164.2 

| 36.89 { 177.9 


SUMMARIZATION : 
Difference in length for age-group II = 6. 
Difference in weight for age-group II = 5. 
Difference in length for age-group III = 1 
Difference in weight for age-group III = 


3 millimeters 
3 
3. 
12.53 grams 

The sex of the few 1-year fish collected during the current run could 
not be determined when the fish were received in the laboratory. 
Therefore, no data regarding dimorphism for that age and for the 4 


year fish are given. The samples were too small in both cases to war- 
rant conclusions. 
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ZYMOGEN GRANULES IN THE FISHES 


Smmon Henry GAGE 


Emeritus Professor of Histology and Embryology, 
Cornell University, Ithaca, New York 


ABSTRACT 


All of the American Fishes, except the fish-like animals Amphioxus and the 
Cyelostomata (hags and lampreys), have a pancrease in which there is an 
abundance of zymogen granules. These granules are the precursors of the 
digestive ferment of the pancreatic juice. 

The zymogen granules are very small (less than 3 microns in diameter). 
They are spherical and situated in the part of the pancreatic cells next to the 
duct lumen. Their size has no definite relationship to the size of the animal, 
but in general they are larger in cold-blooded than in warm-blooded animals. 
They are found in embryos sometime before birth or hatching, showing that 
the embryos produce their own digestive ferments for digesting the food in 
the egg, and also in preparation for their independent existence. 

There is commingled with the exocrine pancreatic tissue the islet or internal 
secreting endocrine tissue. This also has minute granules that are especially 
large in the northern pike (Esoz lucius). 


It is now recognized by physiologists that the pancreas is one of the 
most, if not the most, important of the digestive organs in the verte- 


grate series. It is not present in invertebrates and is found unmis- 
takably only in vertebrates in the evolutionary scale above and com- 
mencing with the Elasmobranchii (sharks, skates, and rays). 

It is true that there are gland-like cells in the intestinal wall near 
the liver in the Cyclostomata (hags and lampreys), and zymogen 
granules have been described for these forms in Europe, but in Ameri- 
can cyclostomes none could be demonstrated although methods that 
certainly revealed their presence in sharks and all higher forms were 
used on abundant materials in all stages of growth and at all seasons 
of the year. 

But commencing with the Elasmobranchii (sharks, skates and rays), 
all vertebrates have a well defined pancreas, and by proper methods 
all show the zymogen granules. In some of the bony fishes the pan- 
creas is not easily demonstrated. Some bony fishes were thought to 
be without a pancreas, but later investigations showed that all pos- 
sessed pancreatic tissue although it might be in the liver substance or 
diffused in the abdominal organs. However, in many of the teleosts 
such as the trouts (Salmonidae) and the northern pike (Esozx lucius) 
a pancreas is easily found in the usual place at the beginning half of 
the duodenum. 

The granules of the pancreas were noted by the older histologists 
Busk and Huxley (1850-54) during the middle of the nineteenth cen- 
tury. Since the granules were highly refractive and stained brown or 
black with osmic acid and dissolved in caustic potash. many considered 
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them to be granules of a fatty nature. Even as late as 1876, Krause 
in his ‘‘ Anatomie Generale’’ considers them fat particles. However, 
as early as 1844 the Scotsman, Goodsir, pointed out that all true ge. 
eretions are present in the cell body in the form of minute particles, 
Claude Bernard in 1856, and Salter in 1859, interpreted the granules 
in the pancreatic cells as the precursors of the pancreatic ferment. 
This supposition was proved correct by all later physiologists, espe. 
cially by Langley in his classical paper of 1879 on the change in the 
serous glands during secretion. 

In Figure 1 are shown, diagrammatically, and magnified 10,000 
diameters, the zymogen granules from the pancreas of a dogfish shark 
(Squalus acanthias) and of a brook trout (Salvelinus fontinalis). All 
sizes of the granules are spherical in form which can be demonstrated 
by causing them to roll over and over under the microscope. As shown 
in the diagram, the granules are larger in the brook trout than in the 
dogfish shark, although the shark is a much larger animal. 
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Figure 1—Zymogen granules from the pancreas a dogfish shark, Squalus 
acanthias (S), and of brook trout, Salvelinus fontinalis (T), magnified 10,000 
diameters. (For actual dimensions, see text.) 


The actual size of the granules was as follows: Dogfish shark : Maxi- 
mum, 1.840 microns; average, 1.272 microns; minimum, 0.724 microns. 
Brook trout: Maximum, 2.172 microns; average 1.367 microns; mini- 
mum, 0.778 microns. 

With the certainty that the granules of pancreatic cells are of such 
fundamental importance and are so universally present, it seemed 
worth while to determine what methods would give the surest proof of 
their presence and whether they might also help to show the phylo- 
genetic relationship of the different vertebrate groups. This latter 
hope was not realized, however, for neither the size nor the staining 
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qualities seemed to have any phylogenetic significance. In general, 
Taosene, the cold-blooded animals have larger granules than the warm- 
blooded ones, and of the cold-blooded ones the Amphibia have the 
largest granules. 

While the alcohols preserve many details of structure in tissues, they 
are not good alone for preserving the zymogen granules of the pan- 
creas. The agent most effective is formalin. So specific is it that the 
material preserved in it, furnished by the: biological supply houses, 
showed the granules in every specimen. A toad that had been stored 
in 5-per-cent formalin for 35 years showed the granules to perfection. 
The persistence of the granules also is demonstrated by the fact that 
frozen animals give excellent pancreatic zymogen if, after freezing, 
the tissue is preserved in formalin. Indeed, if 5- to 10-per-cent forma- 
lin is added to any of the alcohols or other fixatives used, the granules 
are well preserved. 

As the granules are so small (2 microns and less), it is necessary to 
use high-power magnification to study them. The microscopic sections 
should be less than 5 microns thick, or the granules can be isolated by 
teasing the cells after the tissue has been in 20-per-cent nitric acid for 
12 to 24 hours, or in a normal salt solution with 2 cubic centimeters 
of formalin to the liter (formalin dissociator). In fresh and unstained 
preparations, the dark-field microscope is invaluable for their study. 

It is interesting that with animals having a large amount of food 
matter in the egg, the growing embryos manufacture their own diges- 
tive ferments. For example, in an embryo dogfish shark of 16 centi- 
meters, the pancreas was found to be well-developed and the zymogen 
granules were of the same size and relative number as in the mother. 
In birds, the developing chick shows the pancreatic granules in large 
numbers on the seventeenth day of incubation, illustrating that the 
embryo itself is producing the enzyme necessary for the digestion of 
the yolk and albumen of the egg. It also has been found that in mam- 
malian fetuses the pancreas is producing the zymogen granules long 
before birth. That is, in all vertebrates, preparation for an indepen- 
dent existence is made while the animal is still in the embryonic con- 
dition (Needham, 1931). 

A word should be added concerning the islet tissue in fishes. There 
are islet structures in the pancreas of fishes. All sorts of guesses were 
made as to the significance of this islet tissue. It was called nervous, 
adenoid, and by other names, but deeper investigation showed conclu- 
sively that the islet tissue gave rise to an internal secretion that has a 
profound effect in carbohydrate metabolism. That is, it is now known 
that the pancreas is a double organ, so to speak; one part produces 
the digestice enzymes characteristic of the pancreatic juice (exocrine 
secretion) and the other or endocrine tissue produces the internal 
secretion (Warthin, 1922). 

In many forms the islet tissue has cells so closely related that the 
tissue looks like a syncytium (a poly-nucleate structure). In the 
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northern pike (Esozx lucius), among the teleosts, the cells of the islets 
are as distinctly separate as are the exocine cells of the pancreas. The 
granules of the islet cells, instead of being immeasurably small, are 
comparatively large, but are much smaller than the zymogen granule 
of the pancreas. 
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s Seances ABSTRACT 


Sufficient powdered derris root (guaranteed rotenone content of 5 per cent) 
to make a concentration of 1:500,000 parts of water was applied to Third 
al of An. Sister Lake on May 6, 1941. Temperatures were unfavorably low and the 
treatment was not successful in the complete removal of fish. A second appli- 
eation on August 18, 1941 of a slightly greater concentration was sufficient to 
eradicate the remaining fish. There seemed to be little or no difference in the 
ol. II, p. toleration of the different species of fish, however minnows and the young of 
game fish were killed in larger numbers at the beginning. It is believed this 
was the result of their location in shallow water rather than a difference in 
irgh, Vol. susceptibility to the poison. Not all fish came to the surface after death. — 
” edited Live fish taken from the lake before poisoning were placed in traps at dif- 
, ferent points and at various levels in the lake at the time of each poisoning in 
order to test vertical and horizontal distribution of the poison. In the first 
poisoning all fish above the 10-foot level were killed at the end of 30 hours, 
while those below 10 feet were alive at the end of 5 days when the experiment 
was terminated. Other fish taken from the river were placed and replaced in 
the traps until there was no further loss. The surface water remained toxic 
1ysiology, for about 7 days, while the deep water was never toxic. In the second poison- 
ing the water down to 20 feet in depth contained sufficient rotenone to kill fish. 
The toxicity of the lake water progressively decreased from the surface down 
to 20 feet. Water below that depth did not have sufficient oxygen to support 
fish life. 

Laboratory experiments with surface water taken from the lake after poi- 
soning showed that high temperatures increased toxicity. The sequence of 
death for the four species of fish used was the same in each experiment. 
Individual fish of the same species showed considerable difference in tolera- 
tion to rotenone. Fish showing the first signs of distress had their lives pro- 
longed only a short time by removing them to untreated water. They could 
not be revived completely. Derris powder collected from the surface of the 
bottom mud the day after poisoning no longer had any observable toxic 
qualities. 

Observations and experiments were made to test the effect of rotenone on 
lake organisms other than fish. Corethra, Daphnia, Diaptomus, and most other 
zooplankters were very greatly reduced as a result of the treatment. Phyto- 
plankton counts showed no significant reduction in number. Tadpoles were 
greatly affected during the first poisoning but only slightly so during the 
second. Leeches and dragonflies of the sub-family Aeshninae were drastically 
reduced by the first poisoning, while the same species of dragonfiies were less 
effected by the second poisoning. 


INTRODUCTION 


The present experiment is part of a general investigation being con- 
ducted by the Institute for Fisheries Research, Michigan Department 


{Contribution from the Michigan Institute for Fisheries Research. 
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of Conservation, and the Zoology Department, University of Michigan, 
on the relationship between the fish and fish-food organisms of Third 
Sister Lake. This study is under the general direction of Dr. A. §. 
Hazzard, Director of the Institute, and Professor Paul S. Welch of the 
Zoology Department. Permission to use the lake was granted us by 
the University of Michigan School of Forestry and Conservation which 
is responsible for the administration of the Saginaw Forest tract upon 
which the lake is located. 

The complete removal of fish from the lake was carried out for the 
purpose of observing what effect their absence would have upon the 
various fish-food constituents and to obtain more reliable figures on 
species and abundance of fish present. It is planned to restore the fish 
population at the termination of this study. 

There is little choice of tools when a complete removal of fish is de- 
sired and of those methods tried, poisoning with rotenone is the most 
practical. The phase of the investigation reported here has only to do 
with the poisoning procedure and its effect on the fish and fish-food 
organisms. Other parts of this research will appear as they are com- 
pleted. 

Description of Third Sister Lake——Third Sister Lake is roughly 
oval in outline with a surface area of approximately 10 acres and a 
maximum depth of 55 feet. It lies near the center of Washtenaw 
County, Michigan, in the Huron River drainage system. This lake 
has no permanent inlets nor outlets. Its water supply comes mainly 
from seepage and runoff originating in the surrounding moraines. 
The outlet which passes through a small marsh is dry most of the year, 
but may be an avenue of entrance during periods of high water for 
certain fishes in the Honey Creek and Huron River drainages less than 
5 miles below. 

About one-fourth of the shore immediately adjacent to the lake is 
firm and composed of sand and gravel; the remainder is very soft and 
peaty. The emergent and submerged vegetation zones cover approxi- 
mately 35 per cent of the lake area and extend from the shore to about 
the 10-foot contour. The sides of the lake basin are steep, having a 
sharp ‘‘drop-off.’’ 

The bottom is composed of soft, finely divided organic material 
(pulpy peat) between the two and twenty-five foot contours. At 
depths greater than this the bottom consists of clay overlain by a thin 
coating of muck. 

Third Sister Lake stratifies thermally and chemically during the 
summer. The average annual bottom temperature is approximately 
4°C. and a thermocline develops with subsequent marked depletion 
of O2 in the hypolimnion. The water is moderately soft having an 
average alkalinity of approximately 90 p.p.m. of CaCOs3 and a pH 
range of 6.8-8.4. 

General procedure and methods of applying derris.—The first anpli- 
cation of derris was made during the forenoon of May 6, 1941. While 
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the water temperature on this date was far below the optimum desired 
for the best results, this time was chosen in order to remove the fish 
before they had spawned and before the aquatic plants were high or 
dense enough to prevent the recovery of dead fish. 

Because of the unfavorable temperature conditions that existed in 
Third Sister Lake at the time of the first poisoning, there was reason 
to believe that the treatment had failed to kill all of the fish. Since 
complete removal was necessary in order to carry out the different 
phases of this investigation, careful checks were made between May 10 
and August 1 by netting and through observations to determine if 
there were live fish still present in the lake. Gill nets were.set on May 
14 and during the ensuing 3 days captured 5 large bluegills including 
3 females and 2 males, and one male pumpkinseed. On July 16 a large 
school of small bluegills or sunfish was observed and during the month 
that followed, these small centrarchids appeared in ever-increasing 
numbers. It was decided then to make another attempt at poisoning 
and this was accomplished on August 18 and 19. 

The derris powder used had a guaranteed rotenone content of 5 per 
ent. In the first application, 312 pounds of derris root were used, 
which amounts to approximately 1 part of powder to 2 million parts 
of water by weight. Four hundred pounds were used for the second 
application, making the concentration somewhat greater than the. first. 

The procedure of mixing and applying the poison was as follows: 
10 to 15 pounds of derris powder were placed in a 50-gallon steel drum 
with one end removed; lake water was then added to fill the drum 
about three-quarters full. An outboard motor was placed in the bar- 
rel and mixing was attained by running the motor. This only takes 
a minute or so and the resulting mixture is similar in color and con- 
sistency to chocolate ‘‘malted milk.’’ This suspension was then placed 
in 10-gallon milk cans and poured from the side of a boat propelled by 
an outboard motor. In this manner it was well dispersed in the sur- 
face water by the churning action of the motor. The courses the boat 
followed were regular and overlapped until the entire lake was cov- 
ered. Then the same procedure was followed crossing the first courses 
at right angles. The entire lake was covered four times in this man- 
ner, All of the shallow water near the edges was treated by means of 
a fire pump or by throwing the solution with a dipper. 

In the second application the procedure was the same except that 
85 pounds of derris were mixed into a batter and then placed in 
weighted burlap bags and dragged behind a boat in water at a depth 
varying between 15 and 25 feet. 

Collections —Samples of the fish, plankton and invertebrate animals 
were secured before, during and after the poisoning. Fish samples 
taken before poisoning were secured with gill nets, trap nets and by 
angling. After poisoning, all of the fish which rose to the surface or 
which could be reached with dip nets on the lake bottom were recov- 
ered for a population study. This procedure is described in another 
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paper (Brown and Ball, 1943). Plankton samples were obtained by 
means of a 10-liter plankton trap and bottom samples by the use of 
Ekman and Peterson dredges. 

In addition to observations made on the fish and other organisms as 
they appeared under natural conditions, certain fish and invertebrate 
organisms were captured in the lake previous to poisoning and placed 
in cages at various levels in order to see what effects rotenone might 
have on them. Laboratory experiments using the treated lake water 
were also carried out to further test the effect of treated lake water on 
fish, tadpoles and several of the invertebrates. ° 


THE First PoIsoniIne 


Conditions in the lake—Temperature readings were secured and 
chemical analyses were made of the waters of Third Sister Lake 7 
days before and 4 days after poisoning. Temperatures were also re- 
corded on the day before poisoning. These data are summarized in 
Table 1. The rather favorable conditions during the week previous 
to the poisoning indicated that temperatures and other factors in gen- 
eral would be favorable for the experiment. However, the weather 
was cold and rainy for 4 or 5 days preceding the poisoning date and 
no more favorable on the day of poisoning, causing a drop in the sur- 
face temperature of 20°F. The entire surface layer of water down to 
15 feet was affected by this change and early in the morning of the 
poisoning the lake had a maximum temperature of only 48°F. which 
occurred between the 5- and 10-foot contours. Four days later, after 
bright, warm weather the water temperatures had returned to levels 
about equal to those existing the week previous to poisoning. It would 
seem that the time we chose for our experiment was the most unfavor- 
able from the point of view of temperature that existed during the 
spring period. 

This experience was not without value, however, since it demon- 
strated that rotenone is not as effective when used in water with low 
temperatures. 

On the poisoning date the aquatic vegetation was still in the very 
early stages of spring growth. Some of the yellow water lily leaves 
had reached within a few inches of the surface but the pondweeds in 
general had not grown more than 4-6 inches above the bottom. The 
fish population in Third Sister Lake included the following species: 
Largemouth black bass (Huro salmoides), bluegills (Lepomis macro- 
chirus), pumpkinseeds (Lepomis gibbosus), green sunfish (Lepomis 
cyanellus), mud pickerel (Esox vermiculatus), bullheads (Ametiurus 
natalis), chub-sucker (Erimyzon sucetta), common suckers (Catosto- 
mus commersonnit), black-chinned shiner (Notropis heterodon), black- 
nosed shiner (Notoropis heterolepis), common shiner (Notropis cornu- 
tus), golden shiner (Notemigonus crysoleucas), Iowa darter (Poeci- 
lichthys exilis), and mudminnow (Umbra limt). 
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Observations on the fish.—The first poison was placed in the lake at 
about 6:00 A.M. and the first dead and dying fish were observed 20 
minutes later. There seemed to be little or no difference in the tolera- 
tion of the different species of fish to the rotenone poison. However, 
the minnows and the young of the other fish appeared in larger nun- 
bers at the beginning, which may have been due to their greater sus- 
ceptibility or to their location in the lake. Most of the smaller fish are 
in shallow water and would naturally come in contact with the poison 
sooner than those fish found at deeper levels. 

Some of the fish floated to the surface immediately upon dying while 
others sank or remained on the bottom. Both small and large speci- 
mens reacted in this manner. The darters, of course, do not float as a 
rule because of the lack of a swim bladder ; however, three darters were 
found floating the day following the poisoning. A great many of the 
fish never rose to the surface even after decomposition began to occur. 
A number of specimens were observed each day for a week and de- 
composed without leaving their original positions on the bottom. These 
were mostly small fish; the larger specimens seemed to float more 
readily and we believe that the fish recovered represent the majority 
of the larger fish. It is certain, on the other hand, that many small 
fish remained on the bottom and were never recovered. Thompson and 
Bennett (1939 a) reported that many of the fish sink after being over- 
come by rotenone but indicated that such individuals become bloated 
and rise to the surface a short time after. 

Experiments with the fish—Careful observations were made to de- 
termine the length of time the poison was present in quantities suffi- 
cient to kill fish at various depths. This was accomplished by placing 
live fish in minnow buckets or cages of approximately 500 cubic inches 
in volume and lowering them to different levels in the lake. Eight dif- 
ferent locations well-scattered over the lake were chosen in order to 
test for horizontal as well as vertical distribution of the poison. Cages 
containing bullheads, largemouth bass and bluegills captured in the 
lake before poison was administered were placed at the following 
depths: 4, 6, 7, 9, 11, 16, 35, and 40 feet. The initial check was made 
approximately 8 hours after the first poison was introduced. All of 
the cages except the one at 40 feet were examined. This was retained 
as a control against the others which had to be brought up through 
the presumably more toxic surface water each time they were ex- 
amined. It was not certain that fish might be killed by their short 
exposure to surface water rather than to the poison at the levels which 
were being tested. It was demonstrated satisfactorily in subsequent 
experiments that this short exposure had no serious effect on the fish. 
All of the fish were dead in the cages at 4 and 6 feet. A second exami- 
nation was made at the end of 12 hours and the fish in the cage at 
7 feet were found to be dead. At the end of 24 hours a third exami- 
nation showed all of the fish suspended at levels between 9 and 40 
feet to be alive and in good condition. At the end of 30 hours, how- 
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ever, the fish at 9 feet were all dead. The last examination was made 
on the fifth day following the application of derris root and all of 
the fish in the four deepest cages were still alive and apparently in 
good health. This would indicate that either the poison did not reach 
depths beyond 10 feet in concentrations sufficient to kill fish or that 
these fish were not affected by the poison because of the low tempera- 
tures prevailing there. 

As a further check on the duration and extent of the poison in the 
lake, fish (pumpkinseeds, bluegills, largemouth black bass and blunt- 
nosed minnows) seined from the Huron River were placed in cages 
and lowered to different levels. The method followed was to place 
4-8 fish with representatives of each species in each trap. These traps 
were lowered quickly to a depth several feet below the desired level 
before being brought up to the level to be tested. This procedure in- 
sured the removal of all surface water which might otherwise have 
remained in the cages. Tests of this nature were made at regular 
intervals until all of the fish at all levels remained alive. When fish 
died, the approximate time before their death was recorded and they 
were replaced by living specimens. Examinations of the cages were 
made at either 10- or 24-hour intervals, or both. It did not seem 
advisable to check the fish oftener than this because it was necessary 
to haul them to the surface each time in order to see the results. Be- 
cause of this, we do not have any information on the exact time the fish 
died but only know that death occurred sometime during the interval 
between examinations. It is fairly safe to assume, however, that the 
time required to kill fish used in these experiments was probably less 
than 5 hours. In other words, if they died at all from the effects of 
the poison, they did so within this time. 

This experiment was begun on May 7, 1941, and cages were placed 
at the following levels: 0-1, 3, 6, 9, 12, 15, 20, 25 and 30 feet. At the 
time of the first examination, 12 hours later, all of the fish were dead 
in waters above the 10-foot level and all were alive below. The fish 
in the traps below 10 feet were still alive on May 21 when the experi- 
ment was terminated 13 days later. 

On May 8, live fish were again placed in the four upper cages and 
were dead when examined 10 hours later. The fish were again re- 
placed the following morning (May 9) and all were dead 24 hours later 
(May 10). Again they were replaced in the four upper cages and at 
the end of 10 hours some of the fish were dead in each cage except at 
the 9-foot level where all of the fish were alive. At the end of 30 hours 
(May 13) all of the fish in the three upper cages were dead. They 
were replaced for the final time on that date and all remained alive 
until the experiment was terminated 8 days later (May 21, 1941). 

Additional experiments were carried out to test the dispersal and 
duration of the rotenone in lake water after removal from the lake. 
Samples of water were taken between the surface and the 30-foot 
levels-with a Juday bottle and put into half-gallon glass jars. Fish 
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were then placed in these jars and the time of their survival recorded 
under different temperature conditions. Four species of fish (large- 
mouth bass, bluegills, pumpkinseeds and blunt-nosed minnows) aver- 
aging about 3 inches in total length were used in these experiments. 

The temperature of the water in the jars was controlled within 2 
or 3 degrees Fahrenheit except during the first experiment which was 
conducted at the lake shore. 

The first series of water samples was taken 24 hours after the lake 
had been treated with derris root. One fish of each species was placed 
in a jar containing lake water soon after the experimental water was 
removed from the lake. The water was allowed to warm up to the air 
temperature (61° F.). The temperature and time were recorded at 
the beginning of the experiment and at the death of each individual. 
Two identical tests were made on the water from each depth and a 


similar test was made using surface well water as a control. The re- 
sults are presented in Table 2. 


Table 2.—Time required to kill fish kept in treated lake water from various levels 
at increased temperatures 
Depth of 


water sample, Number Temperature, °F., | Temperature, °F., | Time before death 
(feet) 


of test at beginning at death Hours Minutes 
Surface ... 


3 
1INone killed 
1None killed 


1None killed 


1Fish lived for 3 weeks at which time the experiment was terminated. Water tempera- 
tures ranged between 58° and 64° F. during this time. 


2 
1 
2 
3 
1 
2 
1 
2 


Water from the 20-foot level did not contain sufficient poison to 
kill fish even when the temperature was raised to 61°F. In one test 
on water from the 10-foot level, fish were killed in 214 hours and in 
another similar test none of the fish died even though they were held 
for 3 weeks. None of the water samples appeared to be toxic to fish 
until the water temperature had been raised at least to 57° F. 

In these experiments, the fish died in the following order: Large- 
mouth black bass, bluegill, pumpkinseed, blunt-nosed minnow. De- 
tailed records were not made of the actual difference in time required 
to kill fish of each species but the differences were known to be small 
in most instances and not altogether significant. 

In a second experiment, samples of lake water were taken at inter- 
vals of 3 feet from the surface to 30 feet, 48 hours after poisoning. 
These were then transported to the laboratory for the purpose of test- 
ing the vertical distribution of poison in the lake. 

All water samples were raised to a temperature of 69°-70°F. before 
fish were introduced, and kept at this temperature for the duration of 
the experiment. The elapsed time before death was recorded. Controls 
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Table 3.—Time required to kill fish in treated lake water from various levels in 
Third Sister Lake 
O02, p.p.m. at time Time before death, 
Depth, Temperature, of death minutes 
(feet) a (average) (ave: age) 


NAIA 


1Where no time is stated, fish were alive at end of experiment. 


using tap water were set up in a similar manner. The size and species 
of fish used were thé same as those described for the above experiment. 

Three samples from each depth were tested simultaneously and an 
average of the data from each series is recorded in Table 3. 

The species of fish used in this experiment showed the same sequence 
of death as in the first experiment. None of the fish died in water 
samples taken below 9 feet. This is in agreement with observations 
made in the lake. As is shown in Table 3 the oxygen in all of these ex- 
periments remained well above the critical point. The average time 
between the beginning of the experiment and the first symptoms of 
distress was 10 minutes, and the average time between distress and 
death was 30 minutes. 

In order to test what effect aeration would have on the toxicity of 
lake water, the same samples used in the above experiment from the 
surface and at 9 feet were aerated vigorously for 30 minutes after the 
dead fish from the above experiment had been removed. Fish of the 
same species introduced into this aerated water died in 42 minutes. 
The water temperature was 70°F. and the oxygen 6.4 p.p.m. at the 
time of death. 

An attempt was made to revive fish which had shown the first signs 
of distress in surface lake water. These fish were removed to tap 
water which was aerated throughout the experiment. None of the fish 
recovered although the period before death was 10 minutes longer 
than for those fish left in the surface lake water. Smith (1940) re- 
ported that he revived trout which had lost their equilibrium due to 
rotenone poison. Most observers, however, have found that fish show- 
ing distress from poison will not revive on being transferred to un- 
treated water. 

Lake water samples were taken at intervals following the poisoning 
and experiments were conducted to test their toxicity to fish. On the 
sixth day following the poisoning, fish died in water from the 6-foot 
level which had been raised to 78°F. but were not affected in this 
same water kept at 65°F. On the tenth day none of the water samples 
used showed any toxicity even when raised to 80°F. There is con- 
siderable variation in the time required for different waters treated 
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with rotenone (derris root) to lose their toxicity. Leonard (1939) re- 
ported that with a concentration of 1 p.p.m., the water in his experi- 
mental aquaria was no longer toxic to bluegills and sunfish after 
20-41 hours. Hamilton (1942) also reported the quick disintegration 
of the poison, and shows that with concentrations even as high as 10 
p.p.m. his test solutions were no longer toxic to fish after 24 hours. 
Thompson and Bennett (1939) stocked Fork Lake in Illinois without 
loss of fish four days after poisoning. Vestal (1942) stated that Gull 
Lake in California remained toxic for 12-26 days, and Smith (1940, 
1941) reported that in Potter’s Lake, New Brunswick, the water was 
still toxic 18 days after treatment and in the Nova Scotian Lakes it 
remained toxic for 30 days. 

A brownish substance was found in plankton and bottom samples 
from the deep area of the lake soon after poisoning. A microscopical 
examination of this material left little doubt but that it was powdered 
derris. Some of this*material was placed in a jar of lake water and 
this mixture was then warmed to 75°F. Fish were placed in this jar 
and suffered no ill effects. 

Observations on fish-food organisms.—Regular, bimonthly collec- 
tions of plankton were taken from top to bottom in Third Sister Lake 
at 10-foot intervals during the entire period of this investigation. Par- 
tial counts have been made on these collections and the number of 
organisms per liter estimated in accordance with the usual methods. 
Identification of organisms was carried only to the larger groups ex- 
cept for about 10 predominant forms which were identified to genus. 

Comparisons have been made between collections taken immediately 
before and after poisoning and, as well, between similar periods of 
the prevoius year. Only large and important changes in the plankton 
population would be recognizable by our methods but small differences 
would not have significance anyway because of the irregular, almost 
sudden, natural changes so characteristic of plankton populations. 

Most of the phytoplankton groups showed little or no change follow- 
ing the introduction of rotenone, which could be attributed to the 
poison. A gradual decrease throughout the summer was noticeable 
for the Chroococeales with an accompanying increase in the diatoms 
(Bacillarieae) and Dinodryon. The dinoflagellate Peridinum com- 
pletely disappeared 3 weeks after the first poison and did not reappear 
in collections until almost a year later. 

In the zooplankton, noticeable reductions did occur, some of which 
we believe have significance. This was most obvious in the entro- 
mostracan genera of Daphnia and Diaptomous. Daphnia completely 
disappeared 2 days after poisoning and did not reappear in collections 
until 5 weeks after the second poisoning (Figure 1). Diaptomous dis- 
appeared along with Daphnia but reappeared a little sooner, i. e., 1 
month after the second poisoning. Both of these organisms maintained 
more or less stable populations throughout this same period during 
the previous year. Cyclops showed a sharp decline immediately fol- 
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Figure 1.—Estimated number of Daphnia per liter before (1940) and after 
(1941) poisoning 


lowing each poisoning date but partially recovered in the interim. 
Collections made 6 weeks after the first poisoning and 4 weeks after 
the second showed about the same number of Cyclops recorded for 
the similar period of the preceding year. Epichura, which ordinarily. 
appears very sporadically in this lake, did not show in any collections 
for the entire year after the first poisoning date. This may or may 
not be significant. 

While rotifers were present in all collections following the poisoning 
the group as a whole appeared to be considerably reduced as com- 
pared with the same period of the previous year. 

Observations were made on the aquatic invertebrate population be- 
fore, during.and after poisoning the lake. Regular sampling of an in- 
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tensive nature was carried out for two years preceding poisoning, 
throughout the summer when the two treatments with rotenone were 
made, and for 6 months following the last poisoning. Samples were 
not numerous enough to detect small differences in populations but 
we believe they were adequate to show gross changes of aquatic in- 
vertebrates. 

In general, the samples show no very significant changes before, 
during and after poisoning which could not be explained by the in- 
adequacy of our method, emergence, migration or general seasonal 
variation. On the other hand, we do know that certain organisms were 
at least partially affected as shown by experiments and field observa- 
tions at the time of each poisoning period. 

Corethra were observed to be dying and coming to the surface 
within a short time after the first poison was introduced. The wind- 
ward vegetation area of the lake was literally covered with dead 
Corethra larvae the day following the first poisoning. Field observa- 
tions substantiated the experimental work described below in that 
large numbers of leeches, aeschnine dragonflies and tadpoles suc- 
eumbed to the poison and were found dead in the shallow waters 
near shore. Meehan (1942) likewise observed that Corethra and 
leeches were readily killed by rotenone. 

Experiments with fish food organisms.—An experiment to ascer- 
tain the effect of the poison on the fish food organisms was carried 
out at the lake during the poisoning. The organisms used in this ex- 
periment were collected in the lake prior to poisoning and placed in 
special screen wire cages. These cages were then distributed between 
the surface and the 6-foot level at several points on the lake. All 
cages were examined at intervals during the five days subsequent to 
poisoning. On the fifth day the experiment was terminated. The re- 
sults appear in Table 4. 

Practically all of the organisms that died did so within the first 24 
hours after Derris Root was introduced into the water. The only 
organisms which were seriously affected included the aeschnine dragon- 


Table 4.—The mortality of certain invertebrate organisms and tadpoles confined 
for 5 days to cages kept at various places in Third Sister Lake following the 
treatment of the lake waters with derris root 


Depth of trap 
Organism 

Leeches 
Snails (Planorbis, Gyraulus, Physa, Amnicola).. 
Amphipods (Gammarus, Hyalella) 
Anisoptera nymphs: 

Libelluline nymphs 

Aeschnine nymphs . 

Gomphine nymphs ... 
Zygoptera nymphs 
Trichoptera larvae 
Diptera larvae: 

Chironomus 

Corethra .. 
Tadpoles 


Dead 
Alive 
Alive 
Alive 
Dead 
Alive 
Alive 
Alive 
Dead 
Dead 
Dead 
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flies, leeches, Corethra and tadpoles. The Chironomidae which lived 
about 48 hours probably died from unfavorable conditions resulting 
from the change of habitat rather than from the poison. The leeches 
and dragonflies were killed within 12 hours. Tadpoles (Rana cates- 
beiana) were also killed, although the time required was greater. 


THE SEcOND POISONING 


Temperature and chemical analyses were made six days before, 
during, and 22 days after the second Poisoning. These data are sum- 
marized in Table 5. 

Surface water temperatures on August 18 and 19 were near the 
maximum for the summer and therefore were very favorable to poison- 
ing. There was a zone of water, however, between 18 and 25 feet 
which still retained sufficient oxygen to support fish and which was 
rather cold (45°-53°F.) for the best effects of the poison. An attempt 
to increase the concentration of rotenone in this zone was made by 
dragging burlap bags containing derris through it. 

The aquatic vegetation on this date was near its peak of abundance. 
This was particularly true for the pondweeds (Potamogeton natans, 
P. amplifolius) and the yellow water lilies (Nuphar advena). 

Some observations of the invertebrate organisms indicated that, 
with the exception of leeches, the general abundance of the various 
groups in the lake was about the same as in other summers. The 
leeches were undoubtedly drastically reduced by the first poison. The 
absence of Gammarus at this time of year in Third Sister Lake is not 
at all unusual. We do not know the reason. Aeschnine dragonflies 
were very abundant in spite of the apparent high mortality at the 
time of the first poisoning. 

Tadpoles were extremely numerous—no doubt the results of spawn- 
ing after the first poisoning and also because of the removal of the 
predatory fish. 

The only fish observed to be present were bluegills and pumpkin- 
seeds. 

As a result of this poisoning, many thousand young bluegills and 
sunfish were killed. Part of these floated to the surface and part 
remained on the bottom, there to decompose and become engulfed by 
filamentous algae. The adult fish which were recovered included two 
largemouth bass, 12 large bluegills, 1 common shiner and 1 mudmin- 
now. 

Gill-net sets and observations between the date of this poisoning 
and June 1942, failed to reveal that any fish were left in the lake. 
However, in June 1942 long-eared sunfish appeared. Since this species 
was not present at the time of the first poisoning, it may be assumed 
that they entered through the outlet of the lake during the extremely 
high water stages in June. 

Experiments with fish—The same methods employed in the first 
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poisoning to determine the dispersal and effectiveness of the poison 
in the lake were used at the time of the second poisoning. The fish 
used in the experiments were collected in Huron River and included 
3 to 4 inch bluegills, pumpkinseeds and largemouth bass. Cages con- 
taining representatives of each of these species were placed at the 
surface, 3, 6, 10, 15, 20, and 22 feet before the lake was poisoned. The 
cages were examined 24 hours after the poisoning. At this time the 
fish in the traps at and above the 15-foot level were all dead and 
those below the 15-foot level were all alive. 

As previously described, powdered derris was distributed at depths 
between 18 and 25 feet. The cages were lifted again in 24 hours and 
all fish were dead in those below 15 feet. 

A second series of experiments was conducted to determine the re- 
lationship between temperature and the toxicity of the water at vari- 
ous depths in the lake. Samples of water were collected from the lake 
surface and at depth intervals of five feet down to and including 
30 feet 48 hours after poison was introduced. These were taken to 
the laboratory and used in the experiments. Fish were introduced 
into several jars filled with water from the same sample. These jars 
were then maintained at different temperatures and records were 
kept. of the length of time before the first signs of distress and at the 
death of the fish. The results of these experiments are presented in 
Table 6. 

None of the experimental fish placed in water from the 25- or 30- 
foot levels died even at higher temperatures and none of the tad- 
poles died in any of the experiments. At any given temperature the 
elapsed time before the death of the fish progressively increased from 
the surface to 25 feet. This quite definitely shows that the surface 
water contains a higher concentration of the poison. At a temperature 
of 45°F ., fish were not affected even when placed in surface water. 
In general, down to the 25-foot level, where fish died they did so 
more quickly at higher temperatures regardless of the depth of the 
sample. There was a marked difference between the time required to 
kill largemouth black bass and pumpkinseeds under the same enndi- 
tion. At.50°F. pumpkinseeds survived 24% hours longer than large- 
mouth black bass. 

Water samples collected from the surface, 5, 10, 15 and 20 feet, 72 
hours after poisoning, were used for laboratory experiments. Both 
largemouth black bass and pumpkinseeds died in the water from the 
surface, 5- and 10-foot levels within 90 minutes (temperature 72°F.). 
Fish placed in water from the 15- and 20-foot levels were still alive 
at the termination of this experiment 2 days later (temperature 
72°F.). 

Experiments with fish-food organisms.—A number of experiments 
conducted during the first poisoning to test the effect of rotenone on 
some of the invertebrates were repeated during the second poisoning. 
Several species of invertebrates collected in the lake were confined to 
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Table 6.—The velationship between temperature and toxicity of treated lake water 
[LMB = largemouth bass; PS = pumpkinseed] 


Elapsed time | Elapsed time Alive at 
to distess to death of termination 
Sample Temperature, | of first fish, last fish, 
(depth) | Sample Species a S (minutes) (minutes) experiment 
Surface ee 5 hours 


2 days 
5 hours 


6 hours 


| one 5 hours 


2 ‘Tadpoles 


3-PS | 


2 days 
15 feet ese 


20 feet 


25 feet 


pal 
mit 


| 
| 
| 
| 


cages and placed just below the surface and at the 2- and 4-foot depths 
prior to poisoning. No Chironomus or Corethra larvae from the deep 
water were used in these experiments because it was known that these 
forms would not live for any length of time in the warmer surface 
water even before poisoning. No Gammarus was available in the lake 
at the time of the second poisoning and so was omitted from the ex- 
periments. 

Cages were examined each day and the dead organisms were counted 
and removed. Table 7 contains the summarized results of these ex- 
periments. 

The results of the second series of experiments are similar in most 
respects to those secured during the first poisoning except for the 


MB 50 40 70 
PS 
MB 50 | 50 90 ree 
PS 
MB 50 60 125 ie 
MB 50 40 60 - 

PS 50 120 210 ra 
MB 74 10 15 Sa 
PS 74 | 10 20 ae 
‘adpoles 74 2 days 
PS 50 95 | 140 ae 
MB 
PS 57 125 180 mee 
MB 57 20 35 ise 
MB 74 | 15 20 we. 
MB 74 | 15 25 
'adpoles | 74 | | 
MB 45 
PS | 
PS 56 ] j 
PS 74 | 10 | 25 ‘ise 
iPS 14 | 30 70 
DS 
MB 
50 | = 125 
74 | 10 | 24 ssi 
ILMB 74 198 
PS 74 | | 2 days 
PSs 70 | ae | = 2 days 
PS 70 | 300 
PS 68-74 | 2 days 
LMB | 
PS 70-74 | ae | ae 2 days 
LMB | 
LMB 75 | anti | — 2 days 
PS 70-74 | 2 days 
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Table 7.—Mortality of fish-food organisms when retained in treated lake water 
from the surface, 2-foot and 4-foot depths 


Surface 2 feet 4 feet 


Number of Hours | Number of Hours Number of | Hours 
t 


Organism organisms | todeath | organisms | todeath | organisms o death 
12 


Amphipods: 
Hyalella 

Anisoptera nymphs: 
Libelluline . 
Gomphine ... 
Aeschnine .... 


Zygoptera nymphs .... 
Trichoptera larvae .... 


| 

= = | 
| 


| 
| 
| 
| 


Tadpoles 


Duration of 
8 days 3 days 
1All lived for duration of experiment. 


aeschnine dragonflies. As has been described, all of the aeschnine 
dragonflies died very soon in the cages in the first poisoning ex- 
periments but not in the experiments of the second poisoning. 
A few died at the end of 24 hours but most of them lived 48 hours or 
longer and several were still alive when the water was no longer 
toxic to fish. A few individuals were observed to survive high concen- 
trations of derris near the dock where the powder and water were 
mixed. 

From these experiments and observations on the invertebrates in 
the lake it is evident that certain organisms such as leeches, Corethra 
and aeschnine dragonflies may be seriously reduced by the treatment 
of the lake with derris powder. On the other hand, it is evident that 
most of the invertebrate organisms are not seridusly affected by treat- 
ments of this kind. 
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AMERICAN FISHERIES SOCIETY 
Organized 1870 


CERTIFICATION OF INCORPORATION 


We, the undersigned, persons of full age and citizenship of the United States, 
and a majority being citizens of the District of Columbia, pursuant to and in 
conformity with sections 599 to 603, inclusive, of the Code of Law for the Dis- 
trict of Columbia, enacted March 3, 1901, as amended by the acts approved 
January 31 and June 30, 1902, hereby associate ourselves together as a society 
or body corporate and certifying in writing: 

1. That the name of the Society is the American Fisheries Society. 


2. That the term for which it is organized is nine hundred and ninety-nine 
years. 


3. That its particular business and objects are to promote the cause of fish 
culture; to gather and diffuse information bearing upon its practical success, and 
upon all matters relating to the fisheries; to unite and encourage all interest of 
fish culture and the fisheries; and to treat all questions of a scientific and economic 
character regarding fish; with power: 

(a) To acquire, hold and convey real estate and other property, and to estab- 

lish general and special funds. 

(b) To hold meetings. 

(ec) To publish and distribute documents. 

(ad) To conduct lectures. 


(e) To conduct, endow, or assist investigation in any department of fishery 
and fish-culture science. 


(f) To acquire and maintain a library. 

(g) And, in general, to transact any business pertinent to a learned society. 

4. That the affairs, funds and property of the corporation shall be in general 
charge of a council, consisting of the officers and the executive committee, the 


number of whose members for the first year shall be seventeen, all of whom shall 
be chosen from among the members of the Society. 


Witness our hands and seals this 16th day of December, 1910. 


Srymour Bower (Seal) 
THEODORE GILL (Seal) 
E, (Seal) 
THEODORE S. PALMER (Seal) 
BERTRAND H. ROBERTS (Seal) 
M. SmitH (Seal) 


RicHARD SYLVESTER (Seal) 
Recorded April 16, 1911. 


CONSTITUTION AND BY-LAWS 
OF THE 


AMERICAN FISHERIES SOCIETY 
(As Amended August 26, 1942) 


ARTICLE I 
NAME AND OBJECT 


The name of the Society shall be the American Fisheries Society. 
The objects of the Society shall be to promote the cause of fish culture and 
its allied interests; to gather and diffuse information on all questions pertaining 
to fish culture, fish, and fisheries; and to unite and encourage those interested in 
fish culture, and fisheries problems. 


ARTICLE II 
MEMBERSHIP 


The membership of this Society shall be classified as follows: Active, Club, 
Libraries, State, Patron, Honorary, and Corresponding. 


Active Members.—Any person may upon a two-thirds vote of the members 
present at any regular annual meeting and upon the payment of one year’s dues 
become an active member of this Society. The annual dues of active members shall 
be three ($3.00) dollars per year, payable in advance. Any active member may 
upon payment of fifty ($50.00) dollars become exempt from the payment of 


annual dues though retaining the privilege of active membership for the dura- 
tion of his life. 


Club Members.—Any sporting or fishing club or society, or any firm or cor- 
poration, upon a two-thirds vote of the members present at any regular meeting 
and upon the payment of one year’s dues, may become a club member of this 
Society. The annual dues of club members shall be five ($5.00) dollars per year. 


Libraries.—Libraries may be admitted to membership upon a two-thirds vote of 
the members present at any regular meeting and the payment of one year’s dues. 
The annual dues for libraries shall be two ($2 00) dollars per year. 


State Memberships.—Any state, provincial or federal department of the United 
States, Canada or Mexico may become a state member of this Society upon a 
two-thirds vote of the members present at any regular meeting and the payment 
of one year’s dues. The annual dues for State membership shall be twenty 
($20.00) dollars per year. 


Patrons.—Any person, society, club, firm or corporation, on approval of the 
Executive Committee and the payment of fifty ($50.00) dollars or more, may 
become a patron, and shall be listed in all the published membership lists of the 
Society. 


Honorary and Corresponding Members.—Any person may be made an honorary 
or corresponding member of this Society upon a two-thirds vote of the members 
present at any regular annual meeting of the Society. The President of the 
United States, the President of Mexico, the Governors of the several states, and the 
Secretary of the Interior of the United States, the Governor-General of Canada, 
the Lieutenant-Governors of the several Canadian provinces, and the Dominion 
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Minister in Charge of Game and Fisheries shall be honorary members of this So- 
ciety while occupying their respective official positions. 


Election of Members between Annual Meetings.—The President, Secretary and 
Treasurer of the Society are hereby authorized to act upon all applications for 
memberships received while the Society is not in session. 


Rights and Duties of Members.—Active members in good standing only shall 
have the right to vote at regular or special meetings of the Society. Any mem- 
ber is held to be in good standing whose dues are not more than one year past 
due. In case of non-payment of dues for one year, proper notice shall be given the 
member by the Treasurer in writing, and if such member remains delinquent one 
month from the date of such notice, his name shall be dropped from the roll of 
the Society. Such delinquent member, having been dropped for non-payment of 
dues, shall be ineligible for election as a new member for a period of one year, 
except upon payment of.-arrears and current dues. 


Transactions.—Each member of the Society in good standing, except honorary 
members, shall receive one copy of the annual volume of Transactions. Only 
members in good standing may present papers either by reading or by title at 
the annual meetings and publish them in the Transactions; except that out- 
standing non-members invited by the President of the Society to participate in 
the program shall be exempted from this requirement. No member may have 
listed on the program of an annual meeting, or present, or have published in any 
one volume of the Transactions more than two papers; and for purposes of this 
rule joint authorships shall compare equally with sole authorships. 


Quorum.—Twenty voting members shall constitute a quorum for the transaction 
of business at annual or other meetings of the Society. 


ARTICLE ITI 


FunpDs 


Current Fund.—All moneys received from the payment of dues of active mem- 
bers, club members, libraries, life members, state members, sale of Transac- 
tions, contributions thereto, and from any miscellaneous sources, shall be credited 
to the Current Fund of the Society and shall be paid out only on vouchers 
regularly approved by the President and Secretary. 


Permanent Fund.—The President, Secretary and Treasurer shall be the Trus- 
tees of the Permanent Fund. All moneys received from patrons, bequests, and 
contrivutions thereto shall be credited to the Permanent Fund of the Society. 
Such fund shall be invested by the Treasurer in such manner as may be ap- 
proved by the trustees of such fund. The members of the Society shall, at each 
annual meeting, determine the disposition of interest accruing from such in- 
vestment. . 


ARTICLE IV 


OFFICERS 


The officers of this Society shall be a president, a first vice-president, and a 
second vice-president, all of whom shall be elected for the term of one year and 
shall be ineligible for reelection to the same office until a year after the expira- 
tion of their terms; a secretary, a treasurer, a librarian, and five vice-presidents, 
one to be in charge of each of the following divisions or sections: 

Fish Culture. 

Commercial Fishing. 

Aquatic Biology and Physics. 
Angling. 

Protection and Legislation. 
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The officers specified above, and the president of the previous year, shall form 
an Executive Committee* with authority to decide the policies of the Society 
and to transact such business of the Society as may be found necessary. The 
Executive Committee is authorized to fill from the membership any vacancies that 
may occur in any offices between meetings. A majority of the Executive Com- 
mittee shall constitute a quorum. 

Only members in good standing who are in attendance or have been in atten- 
dance at one of the two immediately preceding meetings shall be eligible for 
election to the offices listed above and for appointment to any committee, except 
the members of the Committee on Common and Scientific Names of Fishes. 

The officers shall be elected by a majority vote at a regular meeting, a quorum 
being present. 

No officer of this Society shall receive any salary or compensation for his 
services and no allowances shall be made for clerical services except by vote 
of the Society at regular annual meetings. 


Duties of Officers——The President shall preside at the regular and all special 
meetings of the Society and shall be ex-officio chairman of the Executive Com- 
mittee. 

The first Vice-President shall act in the place of the President in case of 
absence or inability of the latter to serve. 

The Secretary shall keep the records of the Society, conduct its correspondence, 
promote its membership, and arrange for regular and special meetings. The 
Secretary shall also attend to the publication and distribution of the annual is- 
suance of Transactions. 

The Treasurer shall receive and collect all dues and other income of the Society, 
shall have the custody of its funds and pay all claims which have been duly ap- 
proved. The Treasurer shall furnish a bond in the sum of seven thousand, five 
hundred ($7,500) dollars to be approved by the Executive Committee and to be 
paid for by the Society. The offices of Secretary and Treasurer may be occu- 
pied by the same person. 

The Librarian shall have the custody of the library of the Society, including 
its permanent records and printed Transactions, and shall have charge of the 
sale of surplus copies of such Transactions. 

The Vice-President of each division shall become conversant with the subject 
of his division and present a report on it at the regular meeting, placing em- 
phasis upon developments during the past year. 

Committee members shall cooperate in performing the functions of their ap- 
pointments and render reports as directed by the President. 


ARTICLE V 


STANDING COMMITTEES 


The standing committees shall be Executive; International Relations; State 
and National Relations; Common and Scientific Names of Fishes; and Publica- 
tions. The Committee on Publications shall be appointed by the President. The 
Executive Committee shall be selected as provided for by Article IV. 

The Committee on International Relations shall be composed of seven members 
selected by the nominating committee for election, and its duties shall be to ex- 
change. ideas pertaining to the various phases of fisheries administration, biology, 
ineluding fish culture, with foreign fishery biologists, conservation and fishery 
administration officials, fish-culturists or aquicultural societies. A report based 
on such exchange should be presented at each regular meeting. 

The Committee on State and National Relations shall be composed of five 
members selected by the nominating committee for election, and its duties shall 
be to act in behalf of the Society as a coordinating and advisory board for the 


*The Council was discontinued and the Executive Committee enlarged by Amendment 
to By-Laws, September 11, 1935. 
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consideration of interstate and National-State fishery problems. A report shall 
be presented at each annual meeting. 

The Committee on Common and Scientific Names of Fishes shall be composed 
of seven members selected by the nominating committee for election. Its duties 
shall be to establish and maintain in the files of the Librarian of this Society a 
correct check list of the species of fishes occurring in the waters of the United 
States and Canada. This list should contain both scientific and common names. 

The Committee on Publications shall be composed of five members, and its 
duties shall be to select and edit manuscripts submitted for publication. Papers 
shall be submitted ready for publication within thirty days after the close of the 
regular meeting. Such papers, together with the minutes of the regular and 
special meetings and the reports of the various divisions and committees, shall be 
published in an annual volume which shall be numbered in series with previous 


volumes and entitled: TRANSACTIONS OF THE AMERICAN FISHERIES 
SOCIETY. 


ARTICLE VI 
MEETINGS 


The regular meeting of the Society shall be held once a year, the time and 
place to be decided upon at the preceding meeting, or, in default of such action, 
by the Executive Committee. Special meetings shall be called by the President 
upon approval of a majority of the Executive Committee. 


ARTICLE VII 
ORDER OF BUSINESS 


Call to order by the President. 
Roll call of members. 
Application for memberships. 
Reports of officers: 
President 
Secretary 
Treasurer 
Vice-Presidents of Divisions 
Standing Committees 
Special Committees 
‘ommittees appointed by the President: 
Committee of five on nomination of officers and standing committees for 
the ensuing year. 
Committee of five on time and place of next meeting. 
Committee of five on resolutions. 
Auditing committee of three. 
Committee of three on program. 
Committee of three on publicity. 
Committee of five on publications.* 
Reading of papers and discussions of same. In the reading of papers prefer- 
ence shall be given to the members present. 
Miscellaneous business. 
Adjournment. 


ARTICLE VIII 
CHANGING By-Laws 


The By-Laws of the Society may be amended, altered or repealed by a two- 
thirds vote of the members present at any regular meeting, provided at least 
twenty-five members are present at said regular meeting. 


, *A resolution adopted August 24, 1937 established a staggered committee of five and 
provided that each incoming President shall appoint one new member for a term of five 
years and designate the Chairman of the Committee. 
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INSTRUCTIONS FOR PREPARING AND EDITING MANU- 
SCRIPTS FOR THE TRANSACTIONS OF THE 
AMERICAN FISHERIES SOCIETY 


(REVISED 1941) 


Please check each item below before the final typing of your manuscript and 
help your Society reduce the costs of publication, save your editorial committee 
(which works gratis) much needless work, time, and expense, and avoid delay in 
the publication of the Transactions. 


The following instructions were not drawn up arbitrarily but were condensed 
from the regulations contained in the best style manuals (Government Printing 
Office Style Manual; University of Chicago Style Manual). Certain instructions 
may appear unnecessary, but they are nevertheless essential for the proper han- 
dling of materials by the printer and the editor. 


I. MECHANICAL DETAILS 


1, Manuscript must be typewritten double-spaced. Use one side only of sheet. 
Do not fold manuscript. Write manuscript only in simple upper and lower case, 
do not use all capital letters for any purpose and underscore only when italics 
are intended. 

2. Carbon copies will not be accepted. Do not use thin, transparent paper. 
Heavy bond paper is preferred. 


3. Margins at top, bottom, and both sides should be about 1% inches to allow 
space for the insertion of directions to the printer and necessary corrections. 


4. Pages must be numbered in consecutive order, including the bibliography, 
tables, charts, and photographs. Tables, charts, and all illustrations must be 
inserted near their place of reference in the text. 


5. Illustrations. Make separate pages of tables with headings (not of leader 
work), of diagrams, charts, and illustrations, and limit the number to those ab- 
solutely necessary to clarify or supplement text. Tables and cuts cost money! 
Only sharp, glossy photos can be used. All drawings, charts, and diagrams should 
be prepared in waterproof India ink on Bristol Board, other perfectly smooth 
white paper or cardboard, or tracing cloth. Graph paper must not be used. No 
erasures should be made. Shading should be limited to a minimum and when used 
the shading lines should be kept open. The curves of graphs should be drawn much 
bolder than any guide lines or ruling. Lettering should be bold and sufficiently 
large and spaced apart so that the letters or numbers will not be less than 1 
millimeter high or come in contact when reduced. Drawings should be made at 
least twice the size required for reproduction, and when large should be of 
proper proportion so that they will not exceed 44%, by 6% inches (inclusive of 
legends) when reduced. All explanatory matter other than the units along each 
axis of a graph or diagram and those designations needed for clarity should be 
placed in the legend. The legend, which should be typewritten on a separate 
sheet, will be set in type below the figure. 


Make proper reference in text to all plates, figures, maps, charts, and tables, 


and designate all of these, except tables, as figures, numbering them in consecu- 
tive order with Arabic, not Roman, numerals. 


6. Footnotes in text should be numbered consecutively and should be placed 
immediately after the full line of text in which the reference mark occurs, but 
do not break a line of text to insert footnote. Separate the footnote from the 
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text by two horizontal lines, one above and one below the note. In each new 
table footnotes should begin with 1. 


7. The title of the manuscript, together with the author’s name (write out in 
full either one or both of the Christian names and do not use the word ‘‘by’’), 
position or department, and post office address, should always appear at the top 
of the first page of the manuscript as follows, allowing at least triple space be- 
tween lines to permit the insertion of instructions to the printer: 


REPORT ON THE DISEASES OF BROOK TROUT 


JOHN Epwarp DOE 
Department of Conservation, Lansing, Michigan 


8. Underscore (italics) all scientific names of genera and species, both ani- 
mals and plants, in both text and tables. Do not underscore or use all capital 
letters for scientific names of a category higher than the genus: Esocidae; Esoz 
lucius. Do not underscore any words unless italics are intended. 


9. Inspect papers in the last volume of the Transactions if you have questions 
eoncerning the arrangement of materials. 


II. STYLE 


10. Bibliographic references in text should give name of author and year of 
publication in parentheses, thus (Doe, 1932). Do not use letters or numbers or 
footnotes for references. If more than one publication by the same author is 
given for a year, use the alphabet to designate the correct paper, thus (Doe, 
1932a) or (Doe, 1932b). In the bibliography do not repeat the author’s name 
if reference is made to more than one of his publications, but list his publications 
in chronological order beginning with the earliest one. Im citing a joint publi- 
cation invert the name of the senior author but not of the co-author or co-authors. 
Do not include any references not mentioned in the text. List authors in alpha- 
betical sequence. Capitalize the first word and proper names only in the title. 
Follow the arrangement given below to be placed at end of paper: 


LITERATURE CITED 


Dor, Joun C., J. W. Brown, and H. W. GREEN. 


1939. Report on the diseases of brook trout. Trans. Am. Fish. Soc., 1938, Vol. 
68, pp. 450-461. 


Note that the year of publication precedes the title and the year of the meeting is 
stated in the reference. 


Please check your references carefully as to titles, spelling, capitalization, italics, 
diacritical marks, abbreviations, etc., against their original sources, after the final 
typing, and state beneath your bibliography that you have done so. Many biblio- 
graphic titles published in the Transactions have been found to be incomplete and 
very inaccurate. Help us correct, this situation. 


11. Tables. Every table should have a heading and must be typewritten on 
a separate page. Insert tables among the text pages near the points where they 
are discussed. In preparing tables please be certain that they are not too large 
to appear on a single printed page. Number tables consecutively with Arabic, not 
Roman, numerals (1, 2, 3, ete.). Abbreviate the word ‘‘number’’ (No.) when re- 
ferring to a special number—not when referring to quantity or things. Spell all 
other words in tables, including such words as ‘‘millimeters,’’ ‘‘ounces,’’ and 
‘“average’’ (except months with date, in body of table), and capitalize, as a rule, 
the first word only in headings in the first column or over other columns. Precede 
all decimal numbers with zero. Use dollar sign only with first number at top of 
column and under each cross rule. 
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12. Capitals. Capitalize words when used as part of a proper name or of an 
identifying number or letter, or when referring to a particular State, Government, 
and to organized bodies, or when used as proper names. For example: Lake 
Michigan, State of Michigan, or the State, the Province, the Republic, or the 
National and State Governments, Washtenaw County, Ann Arbor Township, 
Huron River, Pacific Ocean, North Atlantic, Northern States, Reservoir No. 1, 
Boulder Dam, Pond No. 1 or Pond A, State Fish Farm No. 1, Pisgah National 
Forest, American Fisheries Society. 

Capitalize names of sections of the United States, or of any other country, as 
Middle West, but lower-case a term prefixed to any such sections, as eastern North 
Atlantic States. 

Capitalize any term (except page or pages and age group) preceding Roman 
numerals, as Article I, Chapter II, Sample VI, ete. Also capitalize such terms as 
Appendix 1 or Appendix A, Experiment 2, Table 4, and Figure 8 (referring to 
illustrations). 

Use lower case for scientific and common names of species. Capitalize scien- 
tific names of higher orders. 


13. Abbreviations. 
(a) Abbreviate the following: 
Clock time, if connected with figures—2:30 a.m. 
Temperatures—F. (Fahrenheit). 
Degrees, whether referring to temperatures, longitude and latitude, or angles, 
ete.—75°, 75° F., 75° C. 
**Number,’’ when preceding figures—No. 125; otherwise spell out. 
‘*United States,’’ if preceding name of a department or a bureau or a vessel, 
ete.—U. S. Department of the Interior, U. S. S. Indiana. 
Months, in body of tables and footnotes to same when followed by day of 
month—Apr. 5-Sept. 2 (but April-September). 
(b) Do not abbreviate the following: 
States, cities, etc. 
Months, in text or in headings of tables—April 5-September 2. 
Measures and weight, except p.p.m.—6 inches, 20 millimeters, 5 ounces, 1.5 
acres, ete. 
Percentage—12 per cent, a percentage of 25.5. 


14. Numerals. Spell out all isolated numbers less than 10, but use figures in 
a grounp of enumerations when any one number of that group is 10 or greater. 
Do not spell out numbers of two or more digits (except round numbers of ap- 
proximations: estimated at five hundred; a thousand fish), and always use a 
comma in a number of four or more digits. Treat alike all numbers in a series 
of connected groups. For example: There were nine trout. There were 9 trout, 
120 bass, and 50 pike. 

Use figures for all enumerations of quantities and measurements, such as dimen- 
sion, weight, area, volume, distance (if fraction spell out, as one-half mile), elock 
time, time, money, percentage, degrees, proportion or ratios, age, dates, page num- 
bers, decimals, and mixed numbers (spell out common fractions if alone: one- 
eighth inch). For example: $3.00 per 20 pounds; 5 feet 6 inches; about 10 miles; 
6 acres; 15 eubie centimeters; 4:30 p.m.; fish died in 1 hour and 20 minutes at 30 
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minutes past 4 o’clock; 25.5 per cent; 75° F.; 1:10,000; trout 2 years 6 months 
old; 2-year-old trout; June 29, 1936; the Ist of January, 1938, the 20th day of 
March; 1937-38; 4.5 p.p.m.; 0.25; 144 pages; page 215. 

Write 8 by 12, not 8 x 12 unless multiplication is indicated. Write 50-50, not 
fifty-fifty.’’ 

Do not use two figures when two numbers appear together, unless the first enu- 
meration exceeds 100: ten 12-room houses; twenty 6-inch trout; 120 6-inch trout. 

Spell out figures beginning a sentence, but avoid such use of numerals if pos- 
sible. Spell out both numbers of two related amounts at the beginning of a sen- 
tence in such expressions as ‘‘ Twenty to twenty-five trout,’’ but write ‘‘Two hun- 
dred fifty bass and 325 trout were shipped.’’ 

Spell out such indefinite expressions as the following: Between two and three 
hundred fish; there were thirty or forty thousand trout. 

In expressing large numbers the word million (or a similar larger group term) 
may be spelled out: 20 million, 2% billions. 


15. Use of hyphen. Many compound words when used as nouns are not hy- 
phenated but require use of the hyphen when used as adjectives. For example 
note the following sentences: ‘‘This was cold water.’’ ‘‘Trout are cold-water 
fish.’’ Write ‘‘fish culture,’’ but ‘‘fish-culturist.’’ Check your manuscript care- 
fully for use of hyphen. The words, “subspecies,” “upstream” and many other 
words originally of compound derivation are written without a hyphen. 


Write ‘‘largemouth’’ and ‘‘smallmouth’’ as one word when referring to black 
bass. 


III. SUBJECT MATTER 


16. Condense your paper to the limit and omit all needless verbiage to reduce 
cost of printing. The manuscript should be simple, direct, clear, concise, accurate, 
consistent, and complete. Accuracy in subject matter, in scientific names, and 
in bibliography is especially important. Have your associates read and criticize 
your paper before the final typing. Papers which are too poorly written will be 
rejected. Do not expect your Editorial Committee to rewrite your manuscript. 


17. Be definite in references to species. The scientific name, and wherever 
needed the complete common name, that will identify the species about which the 
paper is written should be included in the title as well as in the text, unless the 
number of species is too large. Such names as ‘‘bass,’’ ‘‘trout,’’ ‘‘pike,’’ and 
‘*pickerel’’ apply to any one of several species. Do not write ‘‘smallmouth,’’ 
‘*brook,’’ ‘‘rainbow,’’ ete., when you mean ‘‘smallmouth black bass,’’ ‘‘ brook 
trout,’’ ‘‘rainbow trout,’’ ete. 


18. Things to avoid. Words that do not appear in the dictionary in the sense 
employed should be avoided. The words ‘‘case,’’ ‘‘instance,’’ ‘‘show,’’ ‘‘found,’’ 
‘*gave,’’? and ‘‘present’’ are overworked in manuscripts, the same word some- 
times appearing several times in one paragraph. 

Avoid the repeated use of participles which, as a rule, weaken sentences. In 
the following illustration note the improvement when the words in parentheses are 
used: ‘‘The principles underlying (that underlie) the production of beef are es- 
sentially the same as those involving (that are involved in) the production of 
bass.’’ 


Avoid split infinitives. Please check your manuscript for this exceedingly com- 
mon error. 

Avoid the use of this and these as substantives. Compare, for example, the 
following two sentences for effectiveness: ‘‘ This was true in every case.’’ ‘‘ The 
mortality was high in every pond.’’ 


19. Abstract of paper. Give a condensed summary or brief abstract at the 
beginning of your paper. ; 


Prepared by the Committee on Publications. 
February, 1937 (revised 1941). 


it. 


INDEX TO VOLUME 72 


A 


Abundance, bottom organisms, 56-62 
Reighard’s chub, 111-116 

Age and growth, bluegills, 180 
brook trout, 44-48 
largemouth black bass, 180 
pumpkinseed sunfish, 180 
Reighard’s chub, 108-135 
smelt, 257-262 


Algae, filamentous, effect of fertilizer, 100- 
101 
Allocapnia torontoensis, 37 
Alnus incana, 37 
Alpine char, taxonomy and habits, 87-88 
Ambloplites rupestris, 72-78 
Ameiuridae 
Ameiurus, 208, 270 
natalis, 178-186 
Amiidae 
Amia calva, 187-196 
Amnicola, 278-279; 283 
Anaesthesia, carbon dioxide, 25-29 
ether, 26 
Angling, restoration of, 189-196 
results, 177-186 
statistics, 207-211 
Anguillidae 
Anguilla bostoniensis, 208 
Anisoptera, 56-62, 278-279, 283 
Amphipoda, 278-279 
Hyallela, 283 
Arachnida, 141 
Artificial lakes, stocking and management, 
204-211 
production, 212-219 


propagation, smallmouth black bass, 
233-245 
stocking (see Stocking) 
Aspen, 37 


Avery Creek, 154 
B 


Bacterial gill disease, 234 
Baetis brunneicolor, 36 
vagans, 36 
Ball, Robert C., 177-186, 267-284 
Bantam Lake, 136-144 
Bass, black, protozoan parasite of, 197 
Kentucky, 214-219 


largemouth black, 77, 214-219, 270- 
284 


creel census, 204-211 
growth, 68-71 
management, 204-211 
pond production, 220-232 
population study, 
196 
survival, 63-67 
rock, 214-219 
smallmouth black, 77, 214-219 
population study, 189-196 
warmouth, 216-219 
white, 216-219 


Bathymetric distribution, Reighard’s chub, 


108-135 
Bay (see under proper name) 
Beckman, William C., 72-78 
Beetles, 56-62 
Bentzel velocity tubs. 36 


178-186, 189- 
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Bluegill (see under Sunfish) 

Bottom fauna, 36-37, 56-62 

Bradley Creek, 155 

Broadacre Lake, 209 

Brook trout (see under Trout) 

Brown, C. J. D., 177-186, 267-284 

Bullhead, 208, 214-219, 270 
population study, 178-186 

Buffalo, 214-219 

By-laws and constitution, 288-291 

Byers, A. F. (In Memoriam), 18 


Cc 


Cacapon River, 234-245 
Caddisflies, 36-37, 56-62 
Caney Creek, 107 
Cannibalism, 220-221 
Cantrell Creek, 155 
Capnia manitoba, 37 
Carbon-dioxide anaesthesia, 25-29 
Carp, 214-219 
eanned, as diet, 30-31 
“knot-head”’, 193 
population study, 187-196 
Carpsucker, 214-219 
Catch, per unit effort, 212-219 


Catostomidae 
Catostomus commersonnii, 187-186, 
191-194, 270 


Erimyzon sucetta, 178-186, 270 
Catfish, blue, 216-219 
channel, 214-219 
mud, 214-219 
Cedar, white, 37 
Census, creel, 92-96, 150-177, 
of fishermen, 103-107 
Centrarchidae 
Ambloplites rupestris, 72-78 
Huro salmoides, 63-67, 68-71, 77, 101, 
178-186, 189-196, 204-211, 270-284 
Lepomis cyanellus, 178-186, 270 
gibbosus, 178-186 
macrochirus, 63-67. 99-102, 178- 
186, 204-211, 270-284 


204-211 


Micropterus dolomieu, 77, 189-196, 
197-203, 233-245 
salmoides, 197-203 
Pomozxis nigro-maculatus, 187-196 


Ceratopogonidae, 141 
Certificate of Incorporation, 287 
Chara cornata, 136 
Charrs, taxonomy and habits, 79-91 
Cherokee Reservoir, 212-219 
River, 212-219 
Chicamauga Reservoir, 52 
Chironomidae, 141-144 
Chironomus, 278-279 
Tanytarsus, 137-144 
Chub, Reighard’s; age, growth, distribu- 
tion, 108-135 
Cladocera 
Daphnia, 137-144 
Hyallela, 137-144, 276-278, 283 
Leptodora, 144 
Clinch River, 1 
Coefficient of 75-78 
rook trout, 48-50 
Reighard’e chub, 123-130 
of correlation, 225 
Coleoptera, 56-62 
Sialis, 141 
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Colloidal phosphate, as fertilizer, 227-228 
Committees, members of, 4-5 
Condition, coefficient of (See coefficient of 
condition) 
Constitution and by-laws, 288-291 
Copepoda, 141 
Coregonidae 
Leucichthys alpenae, 109 
hoyi, 109 
johannae, 109 
kiyi, 109 
nigripinnis, 109 
reighardi, 108-135 
zenithicus, 109 
Corethara, 278-279 
Correlation, coefficient of, 225 
growth and weight, 225-226 
Cost of stocked fish, 211 
Cottonseed meal, as fertilizer, 97-102, 224- 
225 
Cottidae 
Cottus bairdii, 37-40 
Cove Creek, 154 
Crappie, black; population study, 187-196 
Crayfish, 56-62 
Creek (see under proper name) 
Creel census, 92-96, 150-157, 204-211 
Cyclops, 276-278 
Cyprinidae 
Cyprinus carpio, 187-196 
Notemigonus crysoleucas, 101-102, 
178-186, 208, 270 
Notropis cornutus, 178-186, 270 
heterodon, 178-186, 270 
heterolepis, 178-186, 270 
Pimephales promelas, 194 


D 


Damselflies, 56-62 
Daniel Ridge Creek. 154 
Daphnia, 137-144, 276-278 
Darter, Iowa, 270 
population study, 270 
Davidson River, trout. management, 154- 
176 
Decapoda, 56-62 
DeLacy, Allan C., 79-91 
Density, effect on growth, 72-78 
Derris root, (see Rotenone) 
Dinobryon, 276 
Dinoflagellates, 276 
Diptera, 56-62 
Chironomus, 278-279 
Corethra, 278-279 
Distribution, bathymetric; Reighard’s chub, 
108-135 
bottom organisms, 56-62 
Dobson flies, 57-62 
Dogfish, population study, 187-196 
shark, 264-266 
Dolly Varden charr; taxonomy and habits. 
85-88 


Dragonflies, 56-62 
Drum, 216-219 


E 


Earthworms, 56-62 

— Lake; population studies, 187- 
1 

Editing manuscripts, instructions, 309-312 

Eel, 208 

Elasmobranchii, 263-266 

Emory River, 107 


Entomostraca 

Copepoda, 141 

Cyclops, 276-278 

Daphnia, 276-278 

Gammarus, 278-279 

Hyallela, 137-144, 276-278, 283 

Ostracoda, 141 
Ephemerella invaria, 36 
Ephemeroptera, 56-62, 141-144 

Baetis brunneicolor, 36 

vagans, 36 

Ephemerella invaria, 36 

Hexagenia bilineata, 56-62 

Paraleptophlebia, mollis, 36 
Erimyzon sucetta, 178-186, 270 
Eschmeyer, R. W., 103-107 
Esocidae 

Esox lucius, 187-196, 263-266 

vermiculatus, 178-186, 208, 

Ether anaesthesia, 26 


F 


Feeding habits, charrs, 86-89 
white perch, 136-144 
Fertilizer, cottonseed meal, 224-225 
organic, 97-102, 225-226 
inorganic, 97, 224 
Fertilization, lakes, 211 
ponds, 64-65, 223-232 
Fin regeneration; brown trout, 231-232 
Fish (see under family, genus, or common 
name) 
Fish, Frederic F., 25-29 
Fishing intensity, 103-107, 246-256 
Flatworms, 57-62 
Food organisms; effect of rotenone, 283 
Forest (see under proper name) 
Fork Creek, 154 
Fort Loudoun Reservoir, 52 
French Broad River, trout management, 
154-176 
Frost, Terrence P., 257-262 
Fry production, 236-241 
Fundulus, sp., 70 


G 


Gage, Simon Henry, 263-266 
Gambusia sp., 67, 70 
Gammarus, 278-279 
Gar, long-nosed, 214-219 
Gill disease, bacterial, 234 
Goelet, Robert W. (In Memoriam), 18 
Grand Coulee Dam, 25-29 
Great Bay, 257-262 
Growth; largemouth bass, 68-71 
Reighard’s chub, 108-135 
compensation, 121-123 
in weight, 75-78 
rate, rock bass, 72-78 
Golden shiner, effect of fertilizer, 101-102 
Gum Swamp Lake, 208 
Guntersville Reservoir, 245-246 
Grogan Creek, 154 
Gyraulus, 278-279 


H 


Habits of charrs, 79-91 

Hatchery technique, 145-149 

Hay as fertilizer, 229 

Heacox, Cecil, 231-232 

Hexagenia bilineata, 59-62 
Hirudinea, 56-62 

Holston River, 52, 103-107, 212-219 


270 
| 


Index -to Transactions 315 


Honey Creek, 268-269 

Huro salmoides, 63-67, 68-71, 77, 101, 
178-186, 189-196, 204-211, 270-284 - 

Huron River, 268-269 

Human annoyance factor, 241-242 

Hunt Creek, 35-51 

Hunter, R. P., 14-17 

Hyallela, 137-144, 276-278, 283 

Hydracarina, 56-62 

Hymenoptera, 141-142 


I 


Ichthyopthirius multifilis, 234 

Impoundment; effect on fishing intensity, 
103-107 

Injections for vitamin deficiency, 30-34 

In Memoriam, 18 

Inorganic fertilizers, 97, 224 

Insects (see under order or genus) 

Instructions for preparing manuscripts, 
309-312 

Intensity, catch per unit, 212-219 

fishing, . 246-256 
Tsogenus frontalis, 36 


J 


James, M. C., 21-24 

Jobes, Frank W., '108-135 

Johnson, Harry (In Memoriam), 18 
Jones, Warren H., 257-262 


K 


King, Willis, 204-211 
Kinney Cameron Lakes, 


L 


Lake (see under proper name) 

Lake Michigan, 108-135 

Larix laricina, 37 

Laurel Creek, 154 

Laying mash, 97-102 

Leach, Glen C. (Biography), 21-24 
(In Memoriam), 18 

Leeches, 56-62, 278-279, 283 

Lee’s phenomenon, 118 

Length frequency; brook trout, 40-41 
Reighard’s chub, 116-118 

Lenght-weight relationship, 123-130, 259- 

261. 


Leonard, Justin W., 35-51 
Lepisosteidae 
Lepisosteus osseus oxyurus, 187-196 
Lepomis cyanellus, 178-186, 270 
gibbosus, 178-186 
macrochirus, 63-67. 77. 99-102, 178- 
186, 204-211, 270-284 
Leptodora, 137-144 
Lethal time; rotenone, 274 
Leucichthys alpenae, 109 
hoyi, 109 
johannae, 109 
kiyi, 109 
nigripinnis, 109 
reighardi, 108-135 
zenithicus, 109 
Leuctra sp., 228 
Lime, as fertilizer, 228 
Limnology, Third Sister Lake, 270-272 
Liver. pork: in diet, 30-31 


Long Lake, population studies, 187-196 
Looking-glass Creek, 154 
Lyman, F. Earle, 52-62 


M 


Management, artificial lakes, 204-211 
trout streams, 151-176 

Manuscripts, instructions for preparing, 

309-312 

Marking trout, 157-176 

Mayflies, 36-37, 56-62 

Meehean, O. Lloyd, 220-230 

Members, deceased, 18 
list of, 292-308 

Merritt, J. M. (In Memoriam), 18 

Micropterus dolomieu, 77, 189-196, 197- 

203, 133-245 
salmoides, 197-203 (see also Huro 
salmoides) 

Miller, Lawrence F., 212-219, 248-256 

Mills River, 154-176 

Minnow, fat-head; for forage, 178-186 
mud; population study, 194 

Molliensia sp., 70 

Mooneye, 214-219 

Morone americana, 136-144 

Morphometry; charrs, 79-91 

Morton, W. Markham, 

Mud minnow, 270 

Mystrophora americana, 36 


N 


Najas flexilis, 136 
Natural propagation; smallmouth black 
bass, 233-245 
Nematoda, 56-62 
Nemoura sp., 37 
Notemigonus crysoleucas, 101-102, 178-186, 
208, 270 
Notropis .cornutus, 178-186, 270 
heterodon, 178-186, 270 
heterolepis, 178-186, 270 
Nuphar advena, 279 


Octomitus in rainbow trout, 30-31 
O'Donnell, D. John, 187-196 
Officers, list of, 3 
Oligochaeta, 56-62 
Organic fertilizer, 97-102, 225-226 
Osmeridae 

Osmerus mordax, 257-262 
Ostracoda, 141 


Pancreatic cells of fishes, 263-266 
Parasites, protozoan, 234 
of black bass, 197-203 
Paraleptophlebia mollis, 36 
praepedita, 36 
Peanut meal, 97-102 
Perca flavescens, 77, 137, 187-196 
Perch, yellow, 77, 137 
population study, 187-196 
white; feeding habits, 136-144 « 


: Percidae 


Perca flavescens, 77, 137, 187-196 
Stizostedion vitreum vitreum, 187-196 
Peridinium, 276 
Physa, 278-279, 288 
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Pickerel, chain, 208 
mud, 270 
population study, 178-186 
Pickwick Reservoir, 246-256 
Pike, gar; population study, 187-196 
northern, 263-266 
population study, 187-196 
walleyed; population study, 187-196 
Pimephales promelas, 194 
Piney River, 107 
Pisgah Game Preserve, 151-176 
National Forest; stream management, 
15-176 
Planorbis, 278-279, 283 
Planting fish (see Stocking) 
Plecoptera, 57-62 
Allocapnia torontoensis, 37 
Capnia manitoba, 36 
Tsogenus frontalis, 36 
Leuctra sp., 37 
Nemoura sp., 37 
Poecilichthys enilie, 178-186, 270 
Poeciliidae 
Fundulus sp., 70 
Gambusia sp., 67, 70 
Mollienisia sp., 70 
Poecilichthys exilis, 178-186, 270 
Poisoning, for population study, 177-186 
Pomoxis nigro-maculatus, 187-196 
Pond, fertilization, 64-65, 97-102 
measuring production, 220-232 
survival in, 221-223 
Poplar Creek, 155 
Population studies, 177-186, 187-196 
trout stream, 35-51 
Populus tremuloides, 37 
Pork melts, in diet, 30-31 
Potamageton amplifolius, 279 
natans, 279 
Potomac River, 234-245 
Watershed, 234 
Presidents, past, 6-7 
Production; measuring in ponds, 220-232 
per acre, 184-185 
Productivity; fertilized ponds, 224-226 
trout stream, 35-51 
Protozoa 
Ichthyopthirius multifilis, 234 
Scyphidia amoebae, 198 
annulata, 198 
micropteri, 197-203 
rhizopoda, 198 
tholiformis, 197-203 
Trichodona, 197 
Trichophyra micropteri, 234 
Pumpkinseed (see under Sunfish) 


R 
Rays, 263-266 


Recoveries; stocked trout, 160-166 
Redhorse, 214-219 


Red lake charr; taxonomy and habits, 87- 
88 


Report of the president, 138-14 
River (see under proper name) 
Rock bass, growth rate, 72-78 
Rock Island Dam, 25-29 
Retenone, 42 


in population study, 177-186, 187-196, 
267-284 


method of use, 268-269 
Roundworms, 56-62 
Ryan. C. D. (In Memoriam), 18 


s 


Salmon, chinook, 25-29 
Salmonidae, 263-266 
Salmo clarkii, 145-149 
gairdnerii, 92-96 
trideua, 30-34, 151-176 
trutta, 151-176 
Salvelinus alpinus, 79-91 
fontinalis, 37-51, 92-96, 151- 176, 
264-266 
malma, 79-91 
Salvage, anadromous fishes, 25-29 
Sampler, for fry, 236 
Surber, 53-55 
Sampling method, 246-256 
Sandhills Wildlife Management Area, 204- 
211 
Sauger, 214-219 
Savings gear, 257-262 
Schneberger, Edward, 92-96 
Scyphidia amoebae, 198 
annulata, 198 
micropteri, 197-203 
rhizopoda, 198 
tholiformis, 197-203 
Secretary, report, 14-17 
Sex ratio; Reighard’s chub, 130-132 
smelt, 259-261 
Sexual dimorphism, smelt, 259-261 
Shark, dogfish, 264-266 
Sharks, 263-266 
Shenandoah River, 234-245 
Sherwood Wildlife Area, 151-176 
Shetter, David S., 35-51 
Shiner, black-chinned, 270 
population study, 178-186 
black-nosed, 270 
population study, 178-186 


common, 
population study, 178-186 
golden, 208, 270 


population study, 178-186 
Shiras, George, 3d, (In Memoriam), 18 
Shuck Creek, 154 
Sialidae, 56-62 
Sialis, 141 
Skates, 263-266 
Slaterock Creek, 155 
Smelt, 257-262 
Smith, Charles G., 212-219 
Smith, E. V., 63-67, 97-107 
Snails, 278-279, 283 
Soybean meal, 99-102 
Spawning habits; charrs, 86-89 
Reighard’s chub, 132-134 
smallmouth black bass, 235-236 
Squalidae 
Squalus acanthias, 264-266 
Standing crop of fishes, 187-196 
Stizostedion vitreum vitreum, 187-196 
Stocking; artificial lakes, 204-211 
excess, 166-172 
legal-sized trout, 165-166 
results; brook trout, 92-96 
rainbow trout, 92-96 
trout, 159-176 
seasonal, 160-166 
Stoneflies, 36-37, 57-62 


Stream management; Pisgah Forest, 150- 
176 


Sucker, chub, 270 
population study, 178-186 
common: population study, 178-186, 
190-196 
hog, 214-219 
redhorse, 214-219 


Index to Transactions 


Sunfish, bluegill, 214-219, 270-284 
creel census, 204-211 
management, 204-211 
population study, 178-186 
survival, 63-67 
green, 270 

population study, 178-186 
long-eared, 214-219 
pumpkinseed, 178-186 

Surber, Eugene W., 197-203, 233-245 

Surber sampler, 53-55 

Survival, bluegills, 63-67 

in ponds 
largemouth bass, 63-67 
percentage of, 47-48 

Superphosphate, 97-102 

Swingle, H. S., 63-67, 97-107 

Synecytium, 265 


Tadpole, 283 

Tagging fish, 208-211 
Tamarack, 37 

Tanytarsus, 137-144 

Tarzwell, Clarence M., 246-256 
Taxonomy of charrs, 79-91 


Technique: for zymogen granules; 264-265 


Temperature and fry production, 240-241 
Tennessee River, 52-62, 103-107 
Valley Authority, 103-107 
reservoirs; fishing intensity, 264 
256 
Thiamin chloride, injections, 30-34 
deficiency in trout, 30-34 
Third Sister Lake, 177-186, 267-284 
Thompson Creek, 155 
Thuja occidentalis, 37 
Trap net, 257-262 
Treasurer, report, 14-17 
Trichodona, 197 
Trichoptera, 56-62, 141, 278-279, 283 
Trichophrya micropteri, 234 
Troughs, effect of covering, 145-149 
Trout, brook, 264-266 
age and growth, 44-48 
management, 151-176 
stocking results, 92-96 
brown; fin regeneration, 231-232 
management, 151-176 
cutthroat, 145-149 


rainbow; management, 151-176 
_ Stocking results, 92-96 
vitamin deficiency, 30-34 
steelhead, 25-29 
True flies, 56-62 
Tryon, C. A., Jr., 145-149 
Turbellaria, 57-62 


U 


Umbridae 
Umbra limi, 178-186, 270 


Vv 


Vallisneria spiralis, 136 

Van Oosten, John, 13-14 
Vaucheria sp., 37 

Velocity, determination of, 36 
Veronica connata, 37 

Viosca, Percy, Jr., 68-71 
Vitamin deficiency in trout, 30-34 


w 
Warfel, Herbert E., 257-262 
Water mites, 56-62 
Watts Bar Reservoir, 52-62, 103-107 
production, 212-219 
Webster, Dwight A., 136-144 
Weight, gain in; hatchery fish, 145-149 
per day, 220-232 
growth in, 75-78 
-length relationship, 123-130, 259-261 
Reighard’s chub, 123-130 
West Twin Lake, 187-196 
Wheeler Reservoir, 246-256 
White Creek, 107 
Williamson, Lyman C., 92-96 
Wilson Reservoir, 107, 246-256 
Woodbury, Lowell A., 30-34 


Y 


Yeast, brewers, in diet, 34 
Yield, trout stream, 95-96 


Z 


Zygoptera, 56-62, 283 
Zymogen granules in fishes, 263-266 
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